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DESCRIPTION 



VINYL-BAS BD POLYMER. METHOD FOR PRODUCING VINYL-BASED POLYMER, 
THFRV[OSETTING. CQATING COMPOSITION. AND COATING MATERIAL 



TECHNICAL FIELD 
The present invention relates to a low-molecular weight vinyl-based polymer and 
a method for producing the same, and, more particularly, to a thermosetting coating 
composition imd a coating material comprising the composition which are suited for use as 



It is required that a coating material for top coating of automobiles is excellent in 



the foimation of a coating fihn, and is also capable of forming a coating film which is 
excellent in hardness, toughness, crosslinking density, acid resistance, thermal yellowing 
resistance, weatherability, water resistance, solvent resistance and scratch resistance. The 
term "surface bursting" means a phenomenon in which holes or depressions are formed 
due to the coating material repelled during the formation of a coating film. 

As a main component of the coating material for top coating of automobiles, 
vinyl-based j: olymers have hitherto been used. Among these vinyl-based polymers, an 
acryl-melamine-based resin has widely been adopted because a coating fihn having 
excellent wehtherability and decorative properties. However, a melamine resin contained 
as a curing SLgisnt in the aciyl-melamine-based resin is insufficient in acid resistance. 
Therefore, when the resulting coating film is exposed to acid rain, the coating fihn is 




a coating material for top coating of automobiles and can meet the high solid-requirement. 



BACKGROUND ART 



curability at law temperature and storage stability and causes less surface bursting during 
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stained with niin and thus the appearance may become inferior. Therefore, various curing 
systems which utilize the crosslinking reaction of an acid group with an epoxy group have 
proposed as curing systems to be replaced by the melamine resin, for example, Japanese 
Unexamined Patent Application, First Publication No. Hei 2-45577 and Japanese 
Unexamined Patent Application, First Publication No. Hei 3-287650 propose the curing 
systems. 

On tine other hand, with the recent increase of an interest in an envirormiental 
problem, it has become important to decrease the amount of the solvent in the coating 
material, that is, to meet the •'high solid-requirement". However, a high solid coating 
material may i^ause problems such as increase in solution viscosity and poor coating 
workability. 

A m1^thod which meets the high solid-requirement and also improves the 
workability (i .e. decrease in viscosity) of the coating material includes, for example, a 
decrease in molecular weight of the vinyl-based polymer. However, when the amount of 
a polymerizaiiLon initiator used in the preparation is increased so as to decrease the 
molecular weiight of the vinyl-based polymer, properties of the coating film such as acid 
resistance, wcatfaerability and scratch resistance may be lowered. On the other hand, a 
method for d«! creasing the molecular weight of flie vinyl-based copolymer without 
increasing th<! amount of the polymerization initiator includes, for example, the use in 
combination mth a chain transfer agent such as mercq>tanes. However, the chain trans£^ 
agent may cause deterioration of weatfaembility of the coating film. 

By the way, a large amount of the imreacted monomer may be remained in the 
low-molecuhir weight vinyl-based polymer. The small amount of the unreacted monomer 
is preferable liecause it may cause surface bursting and foaming on the surface of the 
coating film during the use of the vinyl-based polymer. 
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In Jsipanese Unexamined Patent Application, First Publication No. She 59-6207, a 
method of preparing a low-molecular weight vinyl-based polymer with less umeacted 
monomer content is disclosed. According to this method, the vinyl-based monomer is 
polymerized 5it high temperature using a continuous tank reactor and then the unreacted 
monomer is nanoved by volatilization. 

However, the method described in Japanese Un^camined Patent Application, First 
Publication Mo. Sho 59-6207 has such a problem Aat a large quantity of heat is required so 
as to volatilizjj the unreacted monomer, thus resulting in high cost. Even if the unreacted 
monomer is removed by the other method, a removing apparatus is required in the 
removing step and also the removing time is required, thus resulting in low productivity. 
Therefore, it has been required to develop a process which does not require the step of 
removing the unreacted monomer. 

To decrease the amount of the unreacted monomer, polymerization may be carried 
out until the unreacted monomer substantially disappears, tiiat is, the rate of polymerization 
reaches about 100%. However, it was diflBcult to control the rate of polymerization to 
100% using a continuous tank reactor. 

To prepare a vinyl-based polymer which exhibits a high rate of polymerization 
and also has \i low molecular weight, it may be effective to raise the polymerization 
temperature and increases the retention time. If the polymerization temperature is too 
high, it excee^ls so-called ceiling temperature and the depolymerization reaction as a 
leverse reaction dominantly occurs, and thus high temperature exerts an adverse effect on 
high rate of polymerization and the amoimt of by-products may increase. 

It hajs hitherto been diflBcult to eflSciently prepare the vinyl-based polymer, which 
exhibits a higli rate of polymerization and also has a low molecular weight, only by raising 
the reaction tEsmperature and increasing the polymerization time. 
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DISCLOSURE OF THE INVENTION 
Undi^T these circumstances, the present invention has been made and an object 
thereof is to f >rovide a low-molecular weight vinyl-based polymer with less unreacted 
monomer content, and further provides a thermosetting coating composition and a coating 
material comprising the composition which are excellent in curability at low temperature 
and storage sta^bility and causes less surface bursting during tiie formation of a coating film 
and is also ca|>able of forming a coating film which is excellent in hardness, toughness, 
crosslinking density, acid resistance, thermal yellowing resistance, weatherability, water 
resistance, solvent resistance and scratch resistance, and also which is suited for use as a 
coating material for top coating of automobiles and can meet the high solid-requirement 

The present inventors have found that a low-molecular weight vinyl-based 
polymer with (ess unreacted monomer content can be efiSciently prepared by polymerizing 
a vinyl-based monomer under specific conditions and also found that a composition 
containing, ail a main component, a specific vinyl-based polymer having a low molecular 
weight with kss unreacted vinyl-based monomo* content is suited for use as a 
thermosetting; coating composition and solves the above problems. Thus, ihe present 
invention has been completed. 

The present invention is directed to a vinyl-based polymer having a mass average 
molecular weight of ISOO to 1 0000, which is prepared by a first step of continuomly 
feeding a matt^rial mixture containing a vinyl-based monomer to a continuous tank type 
first reactor, eiad polymerizing the vinyl-based monomer under conditions of a 
polymerization temperature of 1 50** to SOO'^C and a retention time of 1 to 60 minutes at a 
rate of polymerization of SO to 99% to obtain a reaction intermediate mixture; and a second 
step of feeding a polymerization initiator in an amoimt of 0.01 to 5 parts by mass based on 
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100 parts by mass of the vinyl-based monomer and the reaction intermediate mixture to a 
second reactox, and further polymerizing the vinyl-based monomer under conditions of a 
polymerization temperature of 100*" to 200**C and a retention time of 10 to 240 minutes at a 
rate of polymerization of 80% or more. 

Also, the present invention is directed to a method for producing a vinyl-based 
polymer, comprising the steps of: a first stq? of continuously feeding a material mixture 
containing a % inyl-based monomer to a continuous tank type first reactor and polymerizing 
the vinyl-bas4;d monomer under conditions of a polymerization temperature of 1 50° to 
300**C and a retention time of 1 to 60 minutes at a rate of polymerization of 50 to 99% to 
obtain a reacti on intermediate mixture; and a second step of feeding a polymerization 
initiator in thu: amount of 0.01 to 5 parts by mass based on 100 parts by mass of the vinyl- 
based monomer and the reaction intermediate mixture to a second reactor, and further 
polymerizing the vinyl-based monomer under conditions of a polymerization temperature 
of 1 00° to 20()°C and a retention time of 10 to 240 minutes at a rate of polymerization of 
80% or more.. 

Furt]l:iermore, the present invention is directed to a thermosetting coating 
composition c;omprising a polymer solution (A) comprising, as a main component, a vinyl- 
based polymcsr having a mass average molecular weight of 2000 to 7000 and containing 
epoxy groups , and the amoimt of a residual monomer containig vinyl groups of 1 % by 
mass or less and a resin solid contrat of 50 to 90% by mass; and a polymer solution (B) 
compising, ats a main component, a vinyl-based polymer having a mass average molecular 
weight of 2000 to 7000 and containing carboxyl groups and/or acid anhydride groups, and 
the amount o f a residual monomer containing vinyl groups of 1% by mass or less and a 
resin solid content being 50 to 90% by mass, and to a coating material containing the same. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
The present invention will now be described in detail. 

The vinyl-based polymer of the present invention is obtained by conducting a first 
step of contiriuously polymerizing a vinyl-based monomer at a polymerization temperature 
of 1 50^ to 30()°C and a retention time of 1 to 60 minutes, and then conducting a second 
step of polymerizing at a polymerization temperature of 100® to 200®C and a retention time 
of 10 to 240 minutes. 

First., in the first step, a reaction intermediate mixture is prepared by continuously 
feeding a material mixture containing the vinyl-based monomer to a continuous tank type 
first reactor (A) and polymerizing the vinyl-based monomer. 

The reaction intermediate mixture contains a polymer obtained by polymerizing 
the vinyl-basi::d monomer in the first step, and an unreacted vinyl-based monomer. 

The vinyl-based monomer is selected according to ^plications of the vinyl-based 
polymer obtained finally. Examples thereof include monomers having an acid group, 
monomers ha ving a hydroxyl group, (meth)acrylate esters having a hydrocarbon 
substituent, styrene-based monomers, ethylenically unsaturated nitriles, vinyl esters, epoxy 
group-contaiiiing vinyl monomers, ethylenically unsaturated basic vinyl monomers, and 
a,P-unsaturatt5d vinyl monomers having an N-alkoxyalkyl-substituted amide group. 
Among these monomers, a styrene-based monomer and/or an acryl-based monomer among 
the abovc-mecitioned monomers are preferably used. Because a polymer obtained by 
polymerizing a styrene-based monomer and/or an aciyl-based monomer is preferable as the 
vinyl-based polymer used in coating materials, adhesives, and coating agents. 

Examples of the monomer having an acid group include monobasic acid or 
dibasic acid vinyl monomers such as methacrylic acid, acrylic acid, crotonic acid, 
vinylbenzoic acid, fumaric acid, itaconic acid, maleic acid, and citraconic acid; dibasic 
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anhydride vinyl monomers such as maleic anhydride; p-carboxyethyl (meth)acrylate, p- 
carboxypropyl (meth)aaylate, P-(meth)acryloxyethylacid succinate, P- 
(meth)acryloxyethylacid maleate, p-(meth)acryloxyethylacid phthalate, p- 
(meth)acrylo>:yethylacid hexahydrophthalate, P-(meth)acryloxyethylacid 
methylhexahydiophthalate, or 7-(meth)acryloxypropylacid succinate; long-chain carboxyl 
group-containing vinyl monomers such as monoester reaction product of dibasic anhydride 
and caprolactime-modified hydroxyl group-containing (mefh)acrylate ester (for example, 
succinic acid monoester, phthalic acid monoester, or anhydrous hexahydrophthalic acid 
monoester), u:i which a carboxyl group is introduced into terminals by csterifying a 
temiinal hydroxyl group of a ring-opening adduct of e-caprolactone or 7-butyrolactone to 
2-hydroxyethyl (meth)aciylate (for example, PLACCEL F monomer manufactured by 
Daicel Chemisal Industries, Ltd., or TONE M monomer manufactured by UCC Co.) with 
succinic anhyilride, phtiialic anhydride or hexahydrophthalic anhydride; and monoesters of 
dibasic acid or dibasic anhydride vinyl monomer, such as monomethyl maleate, monoethyl 
maleate, monobutyl maleate, monooctyl maleate, monomethyl itaconate, monoethyl 
itaconate, monobutyl itaconate, monooctyl itaconate, mono 2-ethylhexyl itaconate, 
monomethyl lumarate, monoefhyl fumarate, monobutyl fumarate, monooctyl fumarate, and 
monoethyl citraconate. 

Examples of the monomer having a hydroxyl group include (meth)acrylate esters 
having a hydiroxyalkyl group, such as 2-hydroxycthyl (meth)acrylatc, 2-hydroxypropyl 
(meth)acrylali3, 3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate, 4- 
hydroxybutyl (meth)acrylate, and 6-hydroxyhexyl (meth)acrylate; (meth)acrylate esters 
having a hydroxyl group at terminals, such as ring-opening adduct of p-butyrolactone to 2- 
hydroxyethyl (meth)acrylate, ring-opening adduct of e-caprolactone to 2-hydroxyethyl 
(meth)acrylate, ring-opening adduct of ethylene oxide to (meth)acrylic acid, and ring- 
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opening adduct of propylene oxide to (meth)acrylic acid, and dimer or trimer of 2- 
hydroxyethyl (meth)acrylate or 2-hydroxypropyl (meth)acrylate; and other hydroxy! 
group-containing vinyl monomers such as 4-hydToxybutyl vinyl ether and p- 

hydroxystyre:rie. 

Examples of the (meth)acrylate esters having a hydrocarbon substituent include 
methyl (methjacrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, n-butyl 
(meth)acrylatf;, i-butyl (meth)acrylatc, t-butyl (meth)acrylate, sec-butyl (meth)acrylate, n- 
pentyl (meth)acrylate, n-octyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, 
tridecyl (metli)acrylate, 2-ethylhexyl (meth)aciylate, cyclohexyl (meth)acrylate» phenyl 
(meth)acrylate, benzyl (meth>acrylate, and isoboronyl (meth)acrylate. 

Examples of the styrene-based monomer include styrene derivatives such as 
styrene, o-meihylstyrene, m-methylstyrene, p-methylstyrene, a-methylstyrene, p- 
ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene, p-n-hexylstyrene, 
p-n-octylstyn;ne, p-n-nonylstyrene, p-n-decylstyrene, p-n-dodecyltyrene, p-phenylstyrene» 
3,4-dicrosylst;)Tene, and vinyl toluene. 

Among these, styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, a- 
meffaylstyrene, p-cthylstyrene, 2,4-dimethylstyTene, p-n-butylstyrcne, p-tert-butylstyrene, 
p-n-hexylstyr{?ne, p-n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, p-n-dodecyltyrene, 
p-phenylstyreiie, 3,4-dicrosylstyrene, and vinyl toluene are particularly preferable styrene- 
based monomers. 

Examples of the ethylenically unsatumted nitriles include acrylonitrile and 
methacrylonil:rile. 

Examples of the vinyl esters include vinyl acetate. 

Examples of the epoxy group-containing vinyl monomers include glycidyl 
(meth)acrylate, methyl glycidyl (meth)acrylate, and allyl glycidyl ether. Among these 
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epoxy group-containing vinyl monomers, glycidyl (meth)acrylate and methyl glycidyl 
(meth)acrylate are particxilarly preferable. 

Exajiiples of the ethylenically unsaturated basic vinyl monomers mclude 
dimethylaminoethyl (meth)acrylate and diethylaminoethyl (meth)acrylate. 

Examples of the a,P-unsaturated vinyl monomers having an N-alkoxyalkyl- 
substituted amide group include N-methoxymcthylacrylamide, N- 

methoxymettiylmethacrylamide, N-ethoxymethylacrylamide, N-propoxymethylacrylamide, 
and N-butoxymethylacrylamide. These monomers can be used alone or in combination, 
if necessary. 

Among the above-mentioned vinyl-based monomers, particularly preferred acryl- 
based monomers are (meth)acrylate esters having a hydrocarbon substituent, such as 
methyl (meth>acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, t-butyl (meth)acrylate, 

1- butyl (meth]acrytate, n-octyl (meth)acrylate, lauiyl (meth)acrylate, stearyl (meth)acrylate, 

2- ethylhexyI (meth)acrylatc, and isobomyl (meth)acrylate; and (meth)acrylate esters 
having a hydroxyalkyl group, such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acryla1^, and 4-hydroxybutyl (meth)acrylate- 

In tIii-3 first step, a material mixture is preferably fed to a first reactor after mixing 
with a polymerization initiator. When the material mixture is polymerized after mixing 
with the polymerization initiator, the molecular weight of the vinyl-based polymer can be 
easily lowered and also the rate of polymerization can be increased. 

The polymerization initiator is not specifically limited as long as a radical can be 
generated by decomposing at a polymerization temperature and examples thereof include 
organic peroxides such as 2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane, t-butylpcroxy 
2-ethylhexan()atc, t-butyl peroxylaurate, t-butylperoxy 3,5,5-trimethylhexanoate, 
cyclohexanoiieperoxide, t-butylperoxy isopropylcarbonate, t-butylperoxyacetate, t- 
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butylperoxybtjnzoate, t-hexylpCTOxy 2-ethylhexanoate, dicumyl peroxide, t-butylcumyl 
peroxide, diisopropylbenzenehydroperoxide, di-t-butyl peroxide, di-t-amylperoxide, di-t- 
hexylperoxide, p-methanehydroperoxide, cumenhydroperoxide, and t-butylhydropeioxide; 
azo coiTipoun«:ls such as azobisisobutylnitrile, azobisvaleronitrile, 2- 
(carbainoylazo)isobutyronitriie, 2,2-azobis(2,4,4-trimethylpentane), and 2-phenylazo-2,4- 
dimethyM-methoxyvaleronitrile; persulfiertes such as potassium persulfiate; and redox- 
based polymedzation initiators. 

The material mixture preferably contains the polymerization initiator in the 
amount of 0.01 to 12 parts by mass based on 100 parts by mass of the vinyl-based 
monomer. The material mixture more preferably contains the polymerization initiator in 
the amount of. 0.1 to 10 parts by mass based on 100 parts by mass of the vinyl-based 
monomer. V/hen the amount of the polymerization initiator is 0.01 part by mass or more, 
the effect of the use of the polymerization initiator is exerted, and then the molecular 
weight of the vinyl-based polymer can be further lowered and the rate of polymerization 
can be furthei: increased. When the amount of the polymerization initiator is 0. 1 parts by 
mass or more, the efifect is more remarkably exerted. 

Whc!:i the amount of the polymerization initiator exceeds 12 parts by mass, further 
decrease in molecular weight and increase in rate of polymerization can be expected. 
However, the cost increases and it is not preferred jfrom an industrial point of view. On 
the other hand, when the amount of the polymerization initiator is 10 parts by mass or less, 
the efifect of lowering the molecular weight of the vinyl-based polymer to enhance the rate 
of polymerizjition is sufficiently exerted and the cost of the polymerization initiator can be 
reduced. 

The material mixture preferably contains a solvent. When the material mixture 
contains the solvent, the viscosity during the polymerization can be decreased and also the 
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molecular weight of the vinyl-based polymer can be lowered by chain transfer to the 
solvent, and thus the viscosity of the finally obtained product comprising the vinyl-based 
polymer can be further decreased. 

The 5K)lvent is not specifically limited as long as it is inert at a polymerization 
temperature a: id examples thereof include aromatic hydrocarbons such as toluene, xylene, 
aromatic hydirocarbon mixture (trade name: SOLVESSO^ ISO, manufactured by Exxon 
Chemical Japsm Ltd.) and aromatic hydrocarbon mixture (trade name: SOLVESSO™ 100, 
manufactured by Exxon Chemical Japan Ltd.); ketones such as methyl ethyl ketone and 
methyl isobutyl ketone; esters such as ethyl acetate, ethyl-3-ethoxypropionate and n-butyl 
acetate; and alcohols such as isopropanol and n-butanol. 

The :Eimount of the solvent is preferably decided according to applications of the 
finally obtain<:rd product comprising the vinyl-based polymer. When the product 
comprising the vinyl-based polymer may contain the solvent, the material mixture 
preferably coiitains the solvent in the amount of 200 parts by mass or less based on 100 
parts by mass of the vinyl-based monomer, and the material mixture more preferably 
contains the solvent in the amount of 25 to 100 parts by mass based on 100 parts by mass 
of the vinyl-b(ised monomer. When the amount of the solvent is 200 parts by mass or less, 
sensible heat of the material mixture decreases and the quantity of heated generated during 
the polymerization per unit material mixture increases. As a result, the polymerization 
temperature cm be maintained easily at 1 SO to 300^C. When the product comprising the 
vinyl-based piitlymer preferably contains no solvent, it is prefeired to use no solvent in the 
polymerizatioii of the vinyl-based polymer. 

When the finally obtained product comprising the vinyl-based polymer contains 
the solvent, it :is not necessary to separate and remove die solvent fomi the vinyl-based 
polymer after obtaining the vinyl-based polymer. When it is indispensable to contain the 
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solvent so as i:o smooth the coating film in the application such as coating material, it is 
preferred to positively use the solvent during the polymerization. Consequently, it 
becomes unn-s;cessaiy to p^orm the process of removing the solvent, which requires much 
labors and a ];irge amount of energy, and thus the cost required to prepare the vinyl-based 
polymer is fuither reduced. 

The solvent to be used is preferably selected from the solvents contained in the 
product comprising the vinyl-based polym^. 

For the purpose of adjusting the component, the solvent may be added before a 
second step described below, during the second step, or after the second step so as to 
perform blend ing before shipment of the vinyl-based polymer 

Whe]i the solvent is used during the polymerization, the vinyl-based monomer is 
easily polymerized and the finally obtained product comprising the vinyl-based polymer 
can be efficiently produced, and thus not only the cost required preparing a vinyl-based 
polymer but also the cost of the product comprising the vinyl-based polymer can be 
reduced. 

The |)olymerization temperature of the first reactor in the first step is 1 SO to 300''C, 
preferably 160 to 300*'C, and more preferably 200 to 280''C. When the polymerization 
temperature i:; lower than ISO^C, the amount of a thermal initiating radical does not 
increase and therefore a conversion ratio can not be enhanced. When the conversion ratio 
can not be increased, productivity of the vinyl-based polymer is decreased, and thus the 
rate of po1ym':rrization must be enhanced by using a large amount of a polymerization 
initiator. Wl:ien the polymerization temperature is lower than 1 50°C, the molecular 
weight increa; es and viscosity in the first reactor increases, and thus it becomes impossible 
to increase th<; flow rate, and, therefore, the molecular weight must be lowered. 

As di::scribed above, when the rate of polymerization is enhanced and the 
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molecular wei ght is lowered at the polymerization temperature of lower than 150°C, a 
laige amount of the polymerization initiator must be added, and, therefore, the cost of the 
polymerizaticm initiator increases. 

Wheji the polymerization temperature exceeds 300®C, a large amount of by- 
products are ]:roduced and the depolymerization speed of the polymer once prepared 
increases, and thus productivity is lowered. Furthemiore, tfie amount of beat energy to be 
fed increases imd it is not preferred. 

The material mixture containing the vinyl-based monomer can be preheated 
before feedin:;; to the first reactor. When the material mixture is preheated before feeding 
to the first resictor, even if heating fi'om the exterior of reactor such as jacket heating or 
internal coil tisating is insufficient because of a short retention time in the first reactor, the 
temperature in the first reactor can be easily controlled to a desired polymerization 
temperature hy sensible heat due to heat generated by the polymerization of the monomer 
and heat due xo preheating. When the feeding temperature of the material mixture is too 
low, the amount of heat is insufficient unless preheating is not conducted and it may 
become difficult to control the polymerization temperature. 

The jfoeheadng temperature of the material mixture is preferably 120^C or lower. 
When the preheating tempmture is 120°C or lower, the polymmzation of the vinyl-based 
monomer during preheating can be suppressed. When the material mixture contains the 
polymerization initiator, the decomposition of the polymerization initiator can be 
suppressed. 

The iretention time in the first reactor is 1 to 60 minutes. When the retention 
time is one or more minutes, the rate of polymerization can be increased to an industrial 
level and burden of the polymerization in the second step can be reduced. The retention 
time is preferably 2 or more minutes. Furthermore, when the retention time is 60 minutes 
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or less, the tiiiie requires to the first step decreases and therefore it is efiBcient, and also the 
amount of unnecessary by-products can be decreased. 

In the first stq), the polymerization is conducted while controlling the rate of 
polymerization within a range from 50 to 99%. The polymerization is preferably 
conducted while controlling the rate of polymerization within a range from 80 to 98%. 
When the rate of polymerization is less than 50%, the amount of the vinyl-based monomer* 
to be polymerized in the second step increases. As described below^ in the second step, 
since the polymerization is conducted at the polymerization temperature within a range 
from 100 to 200''C, which is lower than that in the first step, a polymer having a molecular 
weight lax^r Ifaan that of the polymer obtained in the first step is prepared. In general, 
viscosity of tlie polymer does not substantially increase even if the low-molecular weight 
polymer incre:ases, but increases when a high-molecular weight polymer increases. 
Therefore, vAien the amount to be polymerized in the second step increases, viscosity of 
the finally obtained vinyl-based polymer increases and it may become impossible to stably 
polymerize. Furthermore, the resulting vinyl-based polymer is not suited for use as 
coating materials, adhesives, and coating agents. 

When the polymerization is conducted while controlling the rate of 
polymerization to 99% or more, the retention time in the first reactor must be increased. 
When the retention time is increased in the first reactor, the rate of polymerization 
increases, but die polymerization speed deoreases, and thus the rate of polymerization does 
not efficiently increase. That is, when the polymerization is conducted until the rate of 
polymerization exceeds 99%, productivity is lowered. 

As d^rscribed above, the polymerization temperature is selected within a range 
from 150° to IIOO^C and the retention time is selected within a range firom 1 to 60 minutes 
so as to control the rate of polymerization within a range from 50 to 99% in the first step. 
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For example, when the polymerization temperature is 1 SO'^C as the lower limit, the rate of 
polymerization can be controlled to 50% or more by controlling the retention time to 60 
minutes as fh:: upper limit. Furthermore, the rate of polymerization can be controlled 
within the abcve range when the polymerization is conducted by further adding a 
polymerizatic»n initiator and a solvent. 

The number of tanks in the first reactor is not specifically limited. In case of 
using one tank, the process becomes simple and plant and equipment investment cost can 
be reduced. When two or three tanks are arranged in series, productivity can be enhanced. 

Examples of the starting-up method of thei polymerization in the first step include 
a method of cl larging a material mixture in the first reactor at a time and heating (the first 
method) and n method of continuously feeding a material mixture to the previously heated 
first reactor (liie second method). 

The lirst method is a so-called batch reaction method. In case of startmg-up 
using this me thod, the amount of tiie polymerization initiator on starting-up is preferably 
increased to 120 to 1000% relative to the amount used on a steady operation. An increase 
in the amount of the polymerization initiator can lower the molecular weight of the 
polymer prepEured at low temperature at the time of initial heating and suppress the 
formation of si high-molecular weight polymer. As a result, an increase in viscosity can 
be suppressed. According to this method, after the rate of polymerization has reached a 
predetermined, rate, feed of the material mixture and extraction fitim the first reactor are 
initiated and steady continuous pol3rmerization is conducted. According to this method, 
steady contini:;ous polymerization can be easily stabQized. However, since a vinyl-based 
polymer havir.g quality diJBferent firom that of a vinyl-based polymer obtained on the steady 
operation is prepared on starting-up, the material mixture may be uselessly consumed. 

According to the second method, after a material mixture is continuously fed to 
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the previousl) heated first reactor, the polymerization is rapidly initiated. If the volume 
of the contems in the reactor exceeds the volume on the steady operation, extraction is 
initiated and » continuous operation is conducted. According to this method, a vinyl- 
based polymer having the same quality as that of a vinyl-based polymer obtained on the 
steady operation can be obtained on starting-up. If the polymerization does not process 
immediately safter the initiation of feed of the material mixture, it becomes difficult to 
control the polymerization temperature and continuous polymerization may become an 
unstable state. As a result, since quality of the vinyl-based polymer is not stabilized, the 
vinyl-based polymer, which does not meet the specification, is prepared and the resulting 
vinyl-based polymer can not be used as a product. 

According to the puiposes, starting-up of the polymerization is preferably 
conducted by any method selected from the above methods. 

The :!«cbnd step is conducted after the first step. In the second step, the reaction 
intermediate mixture and a polymerization initiator are fed to the second reactor, and then 
the unreacted vinyl-based monomer contained in the reaction intermediate mixture is 
polymerized in the second reactor. 

The ];K)lymerization initiator to be fed to the second reactor is the same as the 
polymerizatioii initiator which can be used in the first step. The amount of the 
polymerization initiator is 0.01 to S parts by mass based on 100 parts by mass of the vinyl- 
based monomrn: When the amount of the polymerization initiator is less than 0.01 parts 
by mass, the amoimt of the unreacted vinyl-based monomer can not be sufficiently 
decreased. V/hcn the amount of the polymerization initiator exceeds 5 parts by mass, the 
cost of the material increases. Therefore, the amount of the unreacted vinyl-based 
monomer is pi-eferably decreased by increasing the polymerization time and increasing the 
polymerization temperature such that the amount of the polymerization initiator does not 
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exceeds 5 parts by mass. 

The ]:iolymerization temperature of the second reactor in the second step is 1 00*^ to 
200°C. When the polymerization temperature is lower than 1 00°C, the rate of 
polymerization decreases and viscosity in the second reactor increases, and therefore, the 
flow rate decreases. As a result, productivity is lowered. On the other hand, when the 
polymerizatioji temperature exceeds 200**C, productivity is lowered because by-products 
are produced. 

The retention time in the second reactor is 10 to 240 minutes. When the 
retention time is less than 10 minutes, the rate of polymerization is not sufiBciently 
improved and thus the amount of the unreacted vinyl-based monomer can not be 
sufficiently dn creased. When the retention time exceeds 240 minutes, the time required 
to the second step increases and production efficiency is lowered, and also the amount of 
unnecessary by-products increases. As a result, productivity is lowered. 

In the; second step, the polymerization is conducted ^^le controlling the rate of 
polymerizatioi to 80% or more. Preferably, the polymerization is conducted while 
controlling th(5 rate of polymerization to 90% or more. When the rate of polymerization 
is 80% or mace, not only productivity of the low-molecular weight vinyl-based polymer 
incieases, but also the unreacted monomer content decreases. For example, when the 
finally obtain<£^ vinyl-based polymer is used as a resin for coating material, surface 
bursting and J^oaming on the surface of the coating film are suppressed. Also generation 
of an unp1eas::Jit odor is suppressed in other applications. 

It is '^'ery difficult to control the rate of polymerization to 100% because the speed 
of polymerizEidon decreases with the increase of the rate of polymerization, and 
polymerization and depolymerization reactions attain equilibrium. Therefore, it is 
necessary to icmaikably increase the amount of polymerization initiator and to remarkably 
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increase the r intention time so as to control the rate of polymerization to 100%, thus 
resulting in increase of the cost and lowering of productivity. Therefore, the rate of 
polymerization is more preferably controlled to less than 100%. 

As described above, the polymerization temperature, the retention time, and the 
amount of the polymerization initiator are selected so that the polymerization temperature 
is within a nu:ige from lOO*' to 200''C, the retention time is within a range from 10 to 240 
minutes, and the amount of the polymerization initiator is within a range from 0.01 to 5 
parts by mass based on 100 parts by mass of the vinyl-based monomer, in order to control 
the rate of polymerization to 80% or more in the second step. When the polymerization 
temperature in I OO^C as the lower limit, the rate of polymerization can be controlled to 
80% by selecting the retention time of 240 minirtes as the upper limit and selecting the 
amount of th<: polymerization initiator of 5 parts by mass as the upper limit Furthemiore, 
the rate of polymerization can also be controlled within the above range by polymerizing 
after adding a solvent. 

The second reactor used in the second step is not specifically limited and, for 
example, a batch type tank reactor, a semicontinuous tank reactor, and a continuous tubular 
reactor can bi:: used. 

Whcsn a batch type tank reactor is used as the second reactor, the reaction 
intermediate mixture and a polymerization initiator are charged in the tank reactor at a time, 
and then the i:inreacted vinyl-based monomer is polymerized. According to such a 
polymerization method, the polymerization is simply conducted and the amount of the 
polymerization initiator decreases as the polymerization proceeds. Therefore, the 
unreacted vinyl-based monomer content can not be sufiBciently decreased in case of a low 
speed of pol> cnerization. Therefore, the polymerization temperature and the amount of 
the polymeri:?ation initiator are preferably controlled within the above range so as to 
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increase the speed of polymerization. 

When a semicontinuous tank reactor is used as the second reactor, the reaction 
intOTnediate raixture is charged in the tank reactor at a time and the polymerization is 
conducted while feeding a polymerization initiator to the tank reactor. According to such 
a polymerization method, the amount of the polymerization initiator does not become 
insufficient even if ttie spped of polymerization is comparatively low because the 
polymerization initiator is successively added, and thus the amount of the unreacted vinyl- 
based monomer can be sufficiently decreased. As a result, productivity is improved and 
Ihe cost is reduced. A general semicontinuous tank type reaction in which the 
polymerization is conducted while feeding the reaction intermediate mixture and tiie 
polymerization initiator to the tank reactor is also effective by the same reason. 

When a continuous tubular reactor is used as the second reactor, the 
polymerization is continuously conducted while continuously feeding the reaction 
intermediate mixture and a polymerization initiator to the tubular reactor. This method is 
suited for the case that the speed of polymerization is high. According to this 
polymerizaticn me&od, it is preferred that the polymerization initiator is added from the 
midpoint of the tubular reactor, thereby to improve the rate of polymerization and to 
further decre;:ise the amount of the unreacted vinyl-based monomer. When the 
polymerizaticn initiator is added to further decrease the amount of the unreacted vinyl- 
based monon:ier, productivity is improved and the cost is further reduced. 

As described above, smce each rector used in the second reactor has a specific 
feature, the r- actor is preferably selected according to the purposes. 

Afte:r flie completion of the second step, a vinyl-based polymer having a mass 
average molecular weight of 1 500 to 10000 can be obtained. When the mass average 
molecular w<;ight of the vinyl-based polymer is within the above range, viscosity can be 
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decreased without using the solvent and the resulting vinyl-based polymer can be 
preferably us(:d in coating materials, adhesives, and coating agents. On the other hand, 
when the nias;3 average molecular weight of the vinyl-based polymer is less than 1500, the 
resulting vinj l-based polymer has not various uses and a polymerization apparatus may not 
be simple, ^vlien the mass average molecular weight exceeds 1 0000, the resulting vinyl- 
based polymer is not suited for use in coating materials, adhesives, and coating agent. 

According to the present invention, it is made possible to efficiently prepare a 
vinyl-based polymo- having low molecular weight and high rate of polymerization with 
less unreacted monomer content That is, a low-molecular weigiht vinyl-based polymer, 
which causes less surface biirsting and foaming on the surface of a coating film and is 
suited for use in coating materials, adhesives and coating agents, can be obtained at low 
cost with higli productivity without using a special apparatus for removing the unreacted 
monomer. 

When the material mixture contains the polymerization initiator in the amount 
within a rang>:: from 0.01 to 12 parts by mass, and preferably from 0.1 to 1 0 parts by mass, 
based on 100 parts by mass of the vinyl-based monomer, the effect of lowering the 
molecular wei ght of the vinyl-based polymer and enhancing the rate of polymerization is 
sufficiently exerted and also the cost of the polymerization initiator can be reduced. 

When the material mixture contains the solvent in the amount wittiin a range from 
200 parts by mass or less, and preferably 25 to 1 00 parts by mass, based on 1 00 parts by 
mass of the v:inyl-based monomer, viscosity on polymerization can be decreased and the 
molecular wei ght of the vinyl-based polymer can be further lowered by the chain transfer 
effect to the solvent. Therefore, the vinyl-based polymer can be prepared in a stable 
manner. As a result, the low-molecular weight vinyl-based polymer is prepared more 
efficiently and Ae production cost is further reduced. 
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When the polymerization temperature in the first step is 200** to 280**C, the 
amount of a tiiermal initiating radical Airther increases and the amount of the 
polymerizatio:! initiator can be decreased. Also the production of by-products can be 
suppressed wd depolymerization is suppressed, and thus the rate of polymerization can be 
further increaf.ed and the amount of the unreacted vinyl-based monomer can be further 
decreased. 

When the vinyl-based monomer is polymerized so that the rate of polymerization 
in the first step is controlled within a range from 80 to 98%, the amoimt of the high- 
molecular weight vinyl-based polymer produced during the polymerization in the second 
step can be decreased while maintaining high productivity. 

When a batch type tank reactor is used as the second reactor and, especially, the 
polymerization is conducted while successively adding a polymerization initiator, the 
amoimt of the unreacted vinyl-based monomer can be efficiently reduced even if the 
polymerization is conducted at comparatively low speed of polymerization. When a 
continuous tubular reactor is used as the second reactor, the polymerization can be 
continuously cionducted in a stable manner and thus productivity of the second step can be 
further impro%'ed. 

When the material mixture is continuously fed to the first reactor after preheating, 
the polymerization temperature in the first step can be stably controlled. 

Whe:[i the vinyl-based monomer is a styrene-based monomer and/or an acryl- 
based monomer, the finally obtained vinyl-based polymer can be preferably used in coating 
materials, adhesives, and coating agents. 

The thermosetting coating composition of the present invention is obtained by 
mixing a polymer solution (A) containing, as a main component, a vinyl-based polymer 
having a mass, average moleciilar weight of 2000 to 7000 and having an epoxy group, a 
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residual vinyl group-containing monomer content being 1% by mass or less, a resin solid 
content being from 50 to 90% by mass, with a polymer solution 08) containing, as a main 
component, a vinyl-based polymer having a mass average molecular weight of 2000 to 
7000 and having a carboxyl group and/or an acid anhydride group, a residual vinyl group- 
containing monomer content being 1% by mass or less, a resin solid content being from 50 
to 90% by mass. 

As u::€d herein, the '"main component" in tiie polymer solution is defined as a 
component in which the content in the polymer solution is 50% by mass or more. 

In th'B thermosetting coating composition of the present invention, the vinyl-based 
polymer constituting the polymer solution (A) preferably has an epoxy equivalent weight 
of 250 to 500 g/eq and a glass transition temperature (Tg) of 10^ to SO'^C. Additionally, it 
is preferred ttiat the vinyl-based polymer has a vinyl-based monomer xmit having a 
hydroxyl group and has a hydroxy] group equivalent weight of 250 to 2500 g/eq. 

It is preferred that the vinyl-based polymer constituting the polymer solution (B) 
has an acid equivalent weight of 250 to 500 g/eq and a glass transition temperature (Tg) of 
20°to70^C. 

As usied herein, the "epoxy equivalent weight" is defined by the number of grams 
of a resin havi ng an equivalent weight of an epoxy group, and the "hydroxyl group 
equivalent weight" is defined by the number of grams of a resin having an equivalent 
weight of a hydroxyl group. The "acid equivalent weight" is defined by the number of 
grams of a resin having an equivalent weight of a carboxyl group or an acid anhydride 
group. 

In the thermosetting coating composition of the present invention, the amount of 
the polymer solution (A) is preferably 10 to 85 parts by mass, the amount of the polymer 
solution (B) h preferably 10 to 85 parts by mass, and the total amount of the polymer 
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solution (A) a:id the polymer solution (B) is preferably 50 to 99 parts by mass, based on 
100 parts by mass of the total amount of the composition. It is prefened that the 
thermosetting coating composition of the present invmtion further contains an auxiliary 
curing agent (C) and the amount of auxiliary curing agent (C) is 1 to 50 parts by mass 
based on 100 ]3arts by mass of the total amount of the composition. 

In th s; thermosetdng coating composition of the present invention, the polymer 
solution (A) a:id/or the polymer solution (B) are preferably obtained by continuously 
feeding 50 to !)5 parts by mass of a monomer component and 50 to 5 parts by mass of a 
solvent in a redactor and reacting at a temperature within a range from 1 50^ to 300*^0. 

In th{: thermosetting coating composition of the present invention, the polymer 
solution (A) and/or the polymer solution (B) are preferably obtained by using a 
polymerization initiator in the amount of 0.01 to 8 parts by mass based on 100 parts by 
mass of the to tal amount of the vinyl-based monomer. 

The i: oating material of the present invention comprises the above-described 
thermosetting coating composition of the present invention. 

The ]:»resent mvention will now be described in detail. 
[Thermosetting coating composition] 

The Ldermosetting coating composition of the present invention is obtained by 
mixing a polymer solution (A) containing an epoxy group-containing vinyl-based 
copolymer as a main component with a polymer solution (B) containing a carboxyl group 
and/or acid anhydride group-containing vinyl-based copolymer as a main component. 
(Polymer sokrdon (A)) 

The n inyl-based copolymer as the main component of the polymer solution (A) 
has at least an. epoxy group-containing vinyl-based monom^ unit (a-1). 

Examples of the monomer unit (a-1) include glycidyl (meth)acrylate. 
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methylglycidyl (meth)acrylate, 3,4-epoxycyclohexylmethyl (meth)acrylate, glycidyl allyl 
ether, oxocyclohexylmethyl (meth)acrylate, 3-glycidyloxypropyl (meth)acrylate, 3- 
glycidyloxybi.ityl (meth)acrylate, 4-glycidyloxybutyl (meth)acrylate, 6-glycidyloxyhexyI 
(nieth)acrylati5, 8-glycidyloxyoctyl (meth)acrylate, 9-glycidyloxynonyl (meth)acrylate, 2- 
glycidyloxyetiyl (ineth)acrylate, 2-glycidyloxypropyl (meth)acrylate, and 2- 
glycidyloxybutyl (meth)acrylate. These monomer units can be used alone or in 
combination, if necessary. 

The content of the epoxy group-containing vinyl-based monomer xinit (a-1) in the 
vinyl-based copolymer is preferably 20 to 70% by mass, and more preferably from 25 to 
60% by mass, based on 100% by mass of the entire monomer units. When the content of 
the epoxy grc' up-containing vinyl-based monomer (a-1) is 20% by mass or more, a 
composition ]:aving excellent curability at low temperature is obtained and a coating film 
having excelhmt hardness and solvent resistance is obtained. When the content of the 
epoxy group-containing vinyl-based monomer (a-1) is 70% by mass or less, a composition 
having excellent storage stability is obtained and also a coating film having excellent 
thermal yello^ving resistance is obtained. 

The epoxy equivalent weight of the vinyl-based copolymer is preferably 250 to 
500 g/eq, and more preferably 270 to 480 g/eq. When the epoxy equivalent weight of the 
vinyl-based copolymer is 250 g/eq or more, a composition having excellent storage 
stability is oblained. When the epoxy equivalent weight is 500 g/eq or less, a 
composition having excellent curability at low temperature is obtained and a coating film 
having satisfeictory hardness is obtained. 

The '/inyl-based copolymer preferably contains a vinyl-based monomer unit (a-2) 
having a hydioxyl group, in addition to an epoxy group-containing vinyl-based monomer 
(a-1). The content of the vinyl-based monomer irnit (a-2) having a hydroxyl group is 
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preferably 5 to 50% by mass, and more preferably 10 to 40% .by mass, based on 100% by 
mass of the entire monomer units. When the content of the vinyl-based monomer unit (a- 
2) having a hydroxyl group is 5% by mass or more, a composition having excellent 
curability at low temperature is obtained. On the other hand, when the content is 50% by 
mass or less, a composition having sufficient compatibility and excellent curability at low 
temperature is obtained, and also a coatmg film having satisfactory themial yellowing 
resistance and water resistance is obtained. 

The vinyl-based copolymer has the vinyl-based monomer imit (a-2) having a 
hydroxyl gioi:.p and the hydroxyl group equivalent weight is preferably 250 to 2500 g/eq, 
and more preferably 350 to 1 500 g/eq. When the hydroxyl group eqtiivalent weight of the 
vinyl-based copolymer is 250 g/eq or more, a composition having sufficient compatibility 
and excellent curability at low temperature is obtained and also a coating film having 
excellent tfaennal yellowing resistance and water resistance is obtained. When the 
hydroxyl groutp equivalent weight is 2500 g/eq or less, a composition havmg excellent 
curability at low temperature is obtained. 

Examples of the vinyl-based monomer \init (a-*2) having a hydroxyl group swted 
for use as the vinyl-based copolymer include (meth)acrylate esters having a hydroxyalkyl 
group, such ai3 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3- 
hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate, 4-hydroxybutyl 
(meth)acrylate, and 6-hydroxyhexyl (meth)acrylate; (meth)acrylate esters having a 
hydroxyl groi:ip at terminals, such as ring-opening adduct of e-caprolactone or y- 
butyrolactone to 2-hydroxyethyl (meth)acrylate (for example, PLACCEL F monomer 
manufactured by Daicel Chemical Industries, Ltd., or TONE M monomer manufactured by 
UCC Co.), rijjg-opening adduct of ethylene oxide to methacrylic acid, ring-opening adduct 
of propylene oxide to methacrylic acid, and dimer or trimer of 2-hydroxyethyl 
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(meth)acryla1:e or 2-hydroxypropyl (meth)acrylate; and 4-hydroxybutyl vinyl ether and p- 
hydroxystyrene. These vinyl-based monomer units can be used alone or in combination, 
if necessary. Among these monomer xmits, 2-hydroxyethyl (meth)aciylate, 4- 
hydroxybutyj (meth)acrylate, and 6-hydroxyhexyl (meth)acrylate are particularly 
preferable. 

The */inyl-based copolymer may have the other vinyl-based monomer unit (a-3), 
in addition to the monomer units (a- 1) and (a-2). The content of the other vinyl-based 
monomer imit: (a-3) is decided according to the amount of the monomer units (a-1) and (a- 
2) required. 

Examples of the other vinyKbased monomer unit (a-3) include (meth)acrylate 
esters having a linear or branched aliphatic hydrocarbon substituent, such as methyl 
(meth)acrylat<3, ethyl (meth)acrylate, n-propyl (meth)acrylate, n-butyl (meth)acrylate, i- 
butyl (meth)acrylate, t-butyl (meth)aciylate, sec-butyl (meth)acfylate» n-pentyl 
(meth)acrylat(;, 2-ethylhexyl (meth)acrylate, decyl (melh)aciylate» undecyl (metfa)acrylate, 
dodecyl (metl:)acrylate, tridecyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl 
(meth)acrylat£:t, hexadecyl (meth)acrylate, heptadecyl (meth)acrylate, octadecyl 
(meth)acrylat:;, isodecyl (meth)acrylate, and 2-hexyldecanyl (meth)aaylate; (meth)acrylate 
esters having alicyclic hydrocarbon substituent, such as cyclohexyl (meth)acrylate, 
norbomyl (m(;th)acrylate, isoboronyl (meth)acrylate, and dicyclopentanyl (meth)acrylate; 
styrene derivatives such as styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, a- 
methylstyrene, p-ethylstyrene, 2,4-dimefhylstyrene, p-n-butylstyrene, p-t-butylstyrene, p-n- 
hexylstyrene, j>n-octylstyrene, p-n-nonylstyrene, p-n-dodecyltyrene, and p-phenylstyrene; 
ethylenically i.insaturated nitriles such as acrylonitrile and methacrylonitrile; N-alkoxy- 
substituted amides such as N-methoxymetfaylacrylamide, N-ettioxymethylacrylamide, and 
N-butoxymetliylacrylamide; vinyl basic monomers such as dimethylaminoethyl 
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(meth)acrylatj; and diethylaminoethyl (meth)acrylate; and unsaturated aliphatic dibasic 
acid dialkyl e5.1ers such as dimethyl maleate, diethyl maleate, dibutyl maleate, dimethyl 
fumaiate, diei:liyl fumarate, and dibutyl fumarate. These monomer units can be used 
alone or in combination. 

Among these monomer units, n-butyl (meth)acrylate, i-butyl (meth)acrylate, t- 
butyl (meth)acrylate, 2-ethylhexyl (me&)acrylate, dodecyl (meth)acrylate, tridecyl 
(meth)acrylatc, tetradecyl (meth)acrylale, cyclohexyl (meth)acrylate, isoboronyl 
(meth)acrylate, and styrene are preferable. Among these monomer units, i-butyl 
(meth)acrylate, 2-ethylhexyl (meth)acrylate, dodecyl (meth)acrylate, tridecyl 
(meth)acrylate, and tetradecyl (meth)aciylate are particularly preferable because a coating 
fihn having ejccellent smoothness is obtained. Since a coating film havig high hardness is 
obtained, styjrae, cyclohexyl (meth)acrylate, and isoboronyl (meth)acrylate are preferable. 

In the thermosetting coating composition of the present invention, ihe mass 
average molecular weigjit of the vinyl-based copolymer having an epoxy group is 2000 to 
7000. The mass average molecular weight is preferably 2,100 to 5,000, and more 
preferably 2200 to 4800. When the mass average molecular weight of the vinyl-based 
copolym^ is 2000 or more, a composition having excellent curability at low temperature is 
obtained. V/Tien the mass average molecular weight is 7000 or less, the viscosity 
becomes comparatively low and thus a composition suited for use as a coating material 
having low viscosity and high solid content is obtained. 

The i^ass transition temperature (Tg) of the vinyl-based copolymer is preferably 
10^ to SO^^C, iind more preferably 15*" to 49°C. When the glass transition temperature is 
10**C or high«sT, a coating film having good hardness and scratch resistance is obtained. 
When the glajss transition temperature is SO^'C or lower, a composition having excellent 
toughness and storage stability of the coating film is obtained. 
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In thsi present invention, the amount of the residual unreacted vinyl group- 
containing monomer is 1% by mass or less based on 100% by mass of the total amount of 
the polymer solution (A), The amount of the residiial xmreacted vinyl group-containing 
monomer is pj-eferably 0.5% by mass or less. 

When a large amount of the unreacted monomer is remained, surface bursting 
occurs during the formation of a coating film and bubbles are generated to form pinholes. 
Therefore, it may become difBcult to form a uniform coating film and physical properties 
of the coating film may be deteriorated. When the amount of the residual unreacted vinyl 
group-contaiccing monomer is 1% by mass or less, these problems are not caused and thus a 
composition having less surface bursting during the formation of a coating film is obtained 
and a unifomn coating film is obtained. 

The resin solid content of the polymer solution (A) is 50 to 90% by mass. The 
resin solid content is preferably 55 to 85% by mass, and more preferably 60 to 80% by 
mass. WhCTi the resin solid content of the polymer solution (A) is 50% by mass or more, 
the amoimt oi'the solvent used is small and it is possible to meet the high solid-requirement. 
On the other hand, when the resin solid content is 90% by mass or less, the copolymer 
solution has siifificiently low viscosity and is easily handled. 

The jrolymer solution (A) is preferably prepared by using a polymerization 
initiator in the amount within a range from 0.01 to 8 parts by mass, preferably from 0. 1 to 
4 parts by mais, and more preferably from 0.2 to 3.5 parts by mass, based on 100 parts by 
mass of the total amount of the vinyl-based monomer. When the amount of the 
polymerizatio]! initiator used in the preparation (polymerization) is 0.01 part by mass or 
more, it becomes easy to lower the molecular weight of the polymer. Therefore, a 
composition suited for use as a material for coating material having low viscosi^ and hig^ 
solid content is obtained and also a uniform coating film having good appearance is 
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obtained. When the amount of the polymerization initiator is 8 parts by mass or less, a 
coating film having satisfactbiy thermal yellowing resistance, acid resistance, water 
resistance, solvent resistance, weatherability, toughness, scratch resistance, and hardness is 
obtained. 

(Polymer solution (B)) 

The ^dnyl-based copolymer as the main component of the polymer solution (B) 
has at least a Ainyl-based monomer unit (b-1) having a carboxyl group and/or an acid 
anhydride group. By mixing with the polymer solution (B), the composition can be cured 
by the crossliiiking reaction of a carboxyl group and/or an acid anhydride group in the 
vinyl-based copolymer with an epoxy group or a hydroxyl ffoup of the vinyl-based 
copolymer in the polymer solution (A). 

Examples of the vinyl-based monomer unit (b-1) having a carboxyl group and/or 
an acid anhydride group include carboxyl group-containing a,p-unsaturated vinyl-based 
monomers such as methacjylic acid, acrylic acid, crotonic acid, vinylbenzoic acid, fumaric 
acid, itaconic acid, and maleic acid; p-(meth)acryloxyethylacid succinate, P- 
(meth)acryloxyethylacid maleate, P-(meth)acryloxyethylacid phthalate, p- 
(mefh)acrylo:iyethylhexahydrophihalate, orY-(meth)acryloxypropylacid succinate; long- 
chain carboxyl group-containing vinyl monomers such as semiesterification reaction 
product of caprolactone-modified hydroxyl group-containing (meth)acrylate ester (for 
example, succ inic acid monoester, phthalic acid monoester or anhydrous 
hexahydrophthalic acid monoester), in which a carboxyl group is introduced into terminals 
by esterifying a terminal hydroxyl group of a ring-opening adduct of e-caprolactone or y- 
butyrolactone to 2-hydroxyethyl (meth)acrylate (for example, PLACCEL F monomer 
manufecturecl by Daicel Chemical Industries, Ltd., or TONE M monomer manufactured by 
UCC Co.) with succinic anhydride, phthalic anhydride, or hexahydrophthalic anhydride. 
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and acid anhy dride compound; vinyl-based monomers having an a,p-dicarboxylic 
anhydride group, such as maleic anhydride, itaconic anhydride, citraconic anhydride, and 
2,3-dimethyhiialeic anhydride; and vinyl-based monomers having a dicarboxylic acid 
monoester gn:up, such as monomethyl maleate, monoefliyl maleate, monobutyl maleate, 
monooctyl msaleate, monooctyl itaconate, monobutyl fumarate, mono-2-ethylhexyl 
fiimarate, and monoethyl citraconate. These vinyl-based monomer units can be used 
alone or in combination, if necessary. 

It is particularly preferred that a monomer unit containing an a,^dicarboxylic 
anhydride grc»up and a monomer unit containing a monoesterifying group of an a,p- 
dicarboxylic anhydride group coexist Such a polymer can be obtained by the follovdng 
procedure. 

For example, a monomer containing an a,P-dicarboxylic acid anhydride group is 
copolymerized with the other vinyl-based monomer (b-2) described below and then an acid 
anhydride group is partially ting-opened with an alkanol, and thus Uie acid anhydride 
group and its monoesterifying group can coexist and a polymer having a monomer unit 
containing an a,P-dicarboxylic anhydride group and a monomer unit containing a 
monoesterifying group of an a,p-dicarboxylic anhydride group can be obtained. 
According to this method, the amoimt of fhe acid anhydride group to be remained can be 
controlled by 'Controlling the amount of the alkanol to be added. 

Examples of the alkanol suited for use so as to monoesterify the acid anhydride 
group include methanol, ethanol, i-propanol, t-butanol, i-butanol, n-butanol, methyl 
cellsolve, ethy l cellsolve, dimethylaminoethanol, diethylaminoethanol, acetol, propargyl 
alcohol, and allyl alcohol. These alkanols can be used alone or m combination, if 
necessary. Among these alkanols, methanol and ethanol are preferable. The acid 
anhydride gro jp can be monoesterified by using in combination with reaction catalyst, for 
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example, quaJ emaiy ammonium salts 
such as triethylamine, if necessary. 

The polymer having a monomer 
group and a monomer unit containing a 
anhydride gn>up can also be obtained by 
dicarboxylic iicid anhydride group, a 
a,P-dicarboxylic anhydride group» and 
below. 

In ttie vinyl-based polymer, the 
containing a -carfooxyl group and/or an 
mass, more pireferably 1 7 to 60% by mas^. 
based on 100% by mass of the entire 
unit (b-1) is 1 0% by mass or more, a 
temperature h obtained. When the 
excellent storage stability is obtained and 
resistance is obtained. 

The acid equivalent weight of th|e 
g/eq, and more preferably 270 to 480 g/e^ 
based copolymer is 250 g/eq or more, a 
also a coating film having excellent watejr 
equivalent w^:ight is 500 g/eq or less, a 
temperature ii5 obtained. 

The vinyl-based copolymer 
in addition to the vinyl-based monomer 
acid anhydride group. The content of tl^e 



such as tetrabutylammonium and tertiary amines 
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unit containing an a,P-dicarboxylic anhydride 
monoesterifying group of an a,p-dicarboxylic 
:opolymerizing a monomer containing an a,p- 
moi^omer containing a monoesterifying group of an 
[ th^ otiier vinyl-based monomer (b-2) described 

^ntent of the vinyl-based monomer unit (b-1) 
anhydride group is preferably 10 to 70% by 
I, and particularly preferably 20 to 55% by mass, 
units. When the content of the monomer 
con^position having excellrat curability at low 
contjent is 60% by mass or less, a composition having 
also a coating film having excellent water 

vinyl-based copolymer is preferably 250 to 500 
• When the acid equivalent weigjit of the vinyl- 
cjomposition having excellent rage stability is and 

resistance is obtained. When the acid 
composition having excellent curability at low 

may| have the other vinyl-based monomer unit (b-2), 
i^t (b-1) containing a carboxyl group and/or an 
other vinyl-based monomer unit (b-2) is 
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determined according to the amount of the monomer unit (b-1) required. 

Examples of the other vinyl-based monomer unit (b-2) include (meth)acrylate 
esters containing a linear or branched aliphatic hydrocarbon substituent, such as methyl 
(meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, n-butyl (meth)acrylate, i- 
butyl (meth)acrylate, t-butyl (meth)acrylate, sec-butyl (meth)acrylate, n-pentyl 
(metfa)acrylate, 2-etfaylhexyl (meft)acrylate, decyl (meth)acrylate» undecyl (meth)acrylate, 
dodecyl (metli)acrylate, tridecyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl 
(meth)acrylate, hexadecyl (meth)acrylate, heptadecyl (meth)acrylate, octadecyl 
(meth)acrylaite, isodecyl (meth)acrylate, and 2-hexyldecanyl (meth)acrylate; (meth)acrylate 
esters containing an alicyclic hydrocarbon substituent, such as cyclohexyl (metfi)aciylate, 
norbomyl (meth)acrylate, isoboronyl (meth)acrylate, and dicyclopentanyl (meth)acTylate; 
styrene derivatives such as styrene, o-methylstyrene, m-methylstyrene, p-methylstyiene, a- 
methylstyreni^ p-ethylstyrene, 2,4-dimetfaylstyrene, p-n-butylstyrene, p-t-butylstyrene, p-n- 
hexylstyrene. p-n-octyls^ene, p-n-nonylstyrene, p-n-dodecyltyrene, and p-phenylstyrene; 
ethylenically unsaturated nitriles such as acrylonitrile and methacrylonitrile; N-alkoxy- 
substituted amides such as N-metfaoxymethylacrylamide, N-ethoxymethylacrylamide, and 
N-butoxymethylacrylamide; vinyl basic monomers such as dimethylaminoethyl 
(meth)aciylati3 and dielhylaminoethyl (meth)acrylate; and unsaturated aliphatic dibasic 
acid dialkyl essters such as dimethyl maleate, diethyl maleate, dibutyl maleate, dimethyl 
fumarate, diethyl fumarate, and dibutyl fumarate. These monomer units can be used 
alone or in cc>mbination, if necessary. 

Whecn the monomer containing an acid anhydride group is not used as the vinyl- 
based monomer unit (b-1), there can be used (meth)acrylate esters containing a 
hydroxyalkyl group, such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate, 3-hydroxypropyl (metfa)acrylate, 2-hydroxybutyl (meth)acrylate, 4- 
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hydroxybutyl (meth)acrylate, and 6-hydroxyhexyl (nieth)acrylate; (meth)acrylate esters 
containing a hydroxyl group at terminals, such as ring-opening adduct of e-caprolactone or 
y-butyrolactoiie to 2.hydroxyethyl (meth)acrylate (for example, PLACCEL F monomer 
manufactured by Daicel Chemical Industries, Ltd., or TONE M monomer manufactured by 
UCC Co,), ririg-opening adduct of ethylene oxide to methacrylic acid, ring-opening adduct 
of propylene oxide to mettiacrylic acid, and dimer or trimer of 2-hydroxyethyl 
(me1h)acrylate or 2-hydroxypropyl (meth)acrylate; and other hydroxyl group-containing 
vinyl-based monomers such as 4-hydroxybutyl vinyl ether and p-hydroxystyrene. These 
monomer units can be used alone or in combination, if necessary. 

Among these monomer units, n-butyl (meth)acrylate, i-butyl (meth)acrylate, t- 
butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, dodecyl (meth)acrylate, tridecyl 
(meth)acrylat:i, tetradecyl (meth)acrylate, cyclohexyl (meth)acrylate, isoboronyl 
(metfa)acrylatis:, and styrene are preferable. Among these monomer units, i-butyl 
(meth)acrylat:t, 2-ethylhexyl (meth)acrylate, dodecyl (meth)acrylate, tridecyl 
(meth)acrylat£5, and tetradecyl (meth)acrylate are particularly preferable because a coating 
fUm having excellent smoothness is obtained. Furthermore, styrene, cyclohexyl 
(meth)acrylatE;, and isoboronyl (metfa)acrylate are preferable because a coating fihn having 
high hardness is obtained. 

In the present invention, the mass average molecular weight of the vinyl-based 
polymer conbsining a carboxyl group and/or an acid anhydride group is 2000 to 7OO0. 
The mass average molecular weight is preferably 2100 to 6900, and more preferably 2200 
to 5000. Wl: en the mass average molecular weight of the vinyl-based polymer is 2000 or 
more, a composition having excellent curability at low temperature is obtained. When the 
mass average molecular weight of the vinyl-based polymer is 7000 or less, the viscosity 
becomes comparatively low and thus a composition suited for use as a coating material 
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having low viscosity and high solid content is obtained. Fxirthennore, a composition 
having excell<3nt storage stability is obtained. 

The glass transition temperature (Tg) of the vinyl-based copolymer is preferably 
20*" to 70^C, md more preferably 25** to 69''C. When the glass transition temperature is 
20°C or high<£:r, a coating film having satisfactory hardness and scratch resistance is 
obtained. Vvlien the glass transition temperature is 70°C or lower, a coating film having 
excellent tou;;'»hness is obtained. 

In ttie present invention, the amoimt of the residual unreacted vinyl group- 
containing monomer is 1% by mass or less based on 100% by mass of the total amount of 
the polymer solution (B). The amount of the residual unreacted vinyl group-containing 
monomer is jireferably 0.5% by mass or less. When the amount of the residual unreacted 
vinyl group-<:ontaining monomer is 1% by mass or less, a composition causing less surface 
bursting durLag the formation of a coating film is obtained and also a uniform coating film 
is obtained. 

The resin solid content of the polymer solution (B) is 50 to 90% by mass. The 
resin solid cc:itent is preferably 55 to 85% by mass, and more preferably 60 to 80% by 
mass. When the resin solid content of the polymer solution (B) is 50% by mass or more, 
tbe amount of the solvent used is small and it is possible to meet the high solid-requirement. 
On the other liand, when the resin solid content is 90% by mass or less, the copolymer 
solution has sufficiently low viscosity and is easily handled. 

The polymer solution is preferably prepared by using a polymerization initiator in 
the amount v/ithin a range fi-om 0.01 to 8 parts by mass, preferably from 0.1 to 4 parts by 
mass, and mere preferably fiom 0.2 to 3.5 parts by mass, based on 100 parts by mass of the 
total amount of the vinyl-based monomer. When the amount of the polymerization 
initiator used in the preparation (polymerization) is 0.01 part by mass or more, it becomes 
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easy to lower the molecular weight of the polymer and thus a composition suited for use as 
a materia] for coating material having low viscosity and high solid content is obtained and 
also a uniform coating film having good appearance is obtained. When the amount of the 
polymerization initiator is 8 parts by mass or less, a coating film having satisfactory 
thermal yellowng resistance, acid resistance, water resistance, solvent resistance, 
weatherabilit)'^ , toughness, scratch resistance and hardness is obtained. 
(Method for ]:'reparation of polymer solution (A), polymer solution (B)) 

The ]Dolymer solutions (A) and (B) used in the thermosetting coating composition 
of the preseni: invention can be prepared by known polymerization methods such as 
solution polymerization method, block polymerization method, and emulsion 
polymeri2;atioD method. Among these methods, a solution polymerization method is 
preferably employed. 

Among solution polymerization methods a method in which solution 
polymerization is conducted by a continuous polymerization system of continuously 
feeding a mb:ture of a monomer component and a solvent in a reactor, and a polymer 
solution is prepared by treating withoiit separating the unreacted monomer is preferred 
because the method is excellent in production cost and production eflBciency and a coating 
film having excellent acid resistance and thermal yellowing resistance is obtained. It is 
particularly preferred to prepare the polymer solution under the conditions described above. 

When the continuous polymerization system is employed, a vinyl-based monomer 
mixture is copolymerized in the presence of a solvent, a polymerization initiator and, if 
necessary, a jjolymerization chain transfer agent. When the reaction is conducted, the 
amount of the monomer component is preferably 50 to 95 parts by mass and the amount of 
the solvent is preferably 50 to 5 parts by mass, based on 100 parts by mass of the total 
amount of th<; monomer component and the solvent. 



2005 06/23 18:32 FAX 03 5288 5833 



@045/091 



36 

Examples of the solvent suited for use in case of employing the continuoxis 
polymerizaticn system include aromatic hydrocarbons such as toluene and xylene; ketones 
such as methyl ethyl ketone and methyl isobutyl ketone; and esters such as ethyl acetate, n- 
butyl acetate, and propylene glycol monomethyl ether acetate. When the constituent imit 
of the copolymer (B) does not contain the monomer comprising an a,p-dicarboxylic acid 
anhydride group, alcohols such as isopropanol and n-butanol can also be used. 

As the polymerization initiator, known polymerization initiators can be preferably 
\ised, and examples thereof include 2,2-azobisisobutyronitrile, 2,2-azobis(2,4- 
dunelhylvaleronitrile), 2,2-azobis(2-methylbutyronitrile), benzoyl peroxide, 
cumenehydroperoxide, lauiyl peroxide, di-t-butyl peroxide, and t-butylperoxy-2- 
ethylhexanoa;:e. 

Wh(5n the continuous polymerization system is employed, continuous 
polymerization is preferably conducted at a temperature of ISO to 300^C for 1 to 30 
minutes as a retention time. Continuous polymerization at 1 SO^C or higher can reduce 
the residual monomer content in the copolymer solution to be prepared. As a result, a 
composition causing less sur&ce bursting during the formation of a coating film can be 
obtained and also a imiform coating film can be formed. Continuous polymerization at 
SOO^C or lower can suppress thermal decomposition of Ae copolymer to be prepared. 

Conlinuous polymerization for one or more minutes as a retention time can reduce 
the residual monomer content in the copolymer solution to be prepared. As a result, a 
composition clausing less surface bursting during the formation of a coating film can be 
obtained and also a uniform coating film can be formed. Continuous polymerization for 
30 minutes o:\ less as a retention time can suppress change in quality and deterioration of 
the copolymer due to heat, and thus acid resistance and thermal yellowing resistance of the 
coating film i:an be improved. 
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In the thermosetting coating composition of the present invention, the amoimt of 
the polymer solution (A) is preferably 10 to 8S parts by mass and die amount of the 
polymer soiui:ion (B) is preferably 10 to 8S parts by mass, based on 100 parts by mass of 
the total amoLint of the composition. The amount of the polymer solution (A) is more 
preferably 20 to 80 parts by mass and the amount of the polymer solution (B) is more 
preferably 20 to 80 parts by mass. As described above, by mixing the polymer solutions 
(A) and (B), composition having excellent curability at low temperature is obtained and a 
coating film having good hardness, acid resistance, and solvent resistance is obtained. 

In the thermosetting coating composition of the present invention, the total 
amoimt of the polymer solutions (A) and (B) is preferably SO to 99 parts by mass based on 
1 00 parts by mass of the total amount of the composition. The total amount of the 
polymer solutions (A) and (B) is more preferably 60 to 98 parts by mass. When the total 
amount of the polymer solutions (A) and (B) is SO parts by mass or more, a coating film 
having good acid resistance, crosslinking density, weatherability , water resistance, and 
appearance is obtained. 

To ttie thermosetting coating composition of the present invention, an auxiliary 
curing agent (C) comprising a compound or resin containing a functional group capable of 
reacting with at least one of epoxy group, carboxyl group, acid anhydride groxip, and 
hydroxyl group may be optionally added so as to further improve crosslinking density and 
appearance of the resulting coating film. 

The j;mount of the auxiliary curing agent (C) to be added is preferably 1 to 50 
parts by mass» and more preferably 2 to 40 parts by mass, based on 100 parts by mass of 
the total amount of the composition. When the amount of the auxiliary curing agent (C) 
is 1 part by mass or more, the effect of improving crosslinking density and appearance of 
the resulting coating film is exerted. When the amount is SO parts by mass or less, a 
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composition liaving excellent storage stability is obtained and also a coating film having 
good acid resistance and tfaennal yellowing resistance is obtained. 

Examples of the auxiliary curing agent (C) include melamine-based resin and 
block isocyai:.ate-based resin, and also glycidyl ether compound, glycidyl ester compound, 
epoxy compounds such as alicyclic epoxy compound, polybasic acid compounds such as 
adipic acid ajiid phthalic acid, and polyester resin which contains a carboxyl group in the 
molecule and also has a solid acid value of SO to 200 mgKOH/g (that is, acid equivalent 
weight: 280 to 1 120 g/eq). These auxiliary curing agents can be used alone or in 
combination. 

In tlte thermosetting coating composition of the present invention, a molar ratio 
(epoxy group-'carboxyl group) of an epoxy group of the vinyl-based copolymer in the 
polymer solution (A) to a carboxyl group of the vinyl-based copolymer in the polymer 
solution (B) is preferably 1/5 to 5/1, more preferably 1/4 to 4/1, and particularly preferably 
1/3 to 3/1 . ^Vith such a composition, since the content of the unreacted functional group 
during the foimation of a coating film is decreased without using in combination with the 
auxiliary curi ag agent (C), a coating film having high crosslinking density and excellent 
water resistan ce and weattierability is obtained. 

For Ihe purpose of improving curability, a curing agent can also be added to the 
thermosettin22 coating composition of the present invention. As the curing catalyst, for 
example, there can be used known catalysts such as quaternary ammonium salt and 
quaternary phosphonium salt used in the esterification reaction of an acid group with an 
ester group. Specific examples thereof include benzyltrimethylammonium chloride, 
benzyltrimetliylammonium bromide, tetrabutylammonium chloride^ tetrabutylammonium 
bromide, tetrabutylammonium hydroxide, benzyltriphenylphosphonium chloride, and 
benzyltripheiiylphosphonium bromide. 
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For the purpose of improving storage stability, acid compoimds typified by 
sulfonic acid end phosphoric acid or blocked compounds thereof may be optionally added 
to the thermosetting coating composition of the present mvention. Specific examples 
thereof includ e paratoluenesulfonic acid, dodecylbenzenesulfonic acid, 
dinonylnaphtlialenesulfonic acid, and amine blocked compounds thereof, 
monoalkylphcsphoric acid, dialkylphosphoric acid, and monoalkylphosphorous acid. 

Addi dves, for example, rheology modifiers such as organic bentone, polyamide, 
microgel, and cellulose-based resin; surface modifiers typified by silicone; ultraviolet 
absorbers; photostabilizers; antioxidants; and anti-sag agents can be optionally added to the 
thermosetting coating composition of the present invention. 
[Coating material] 

The coating material of the present invention is composed of the above-described 
ttiennosetting coating composition of the present invention and is usefiil for top coating of 
automobiles. 

When the coating material of the present invention is used for top coating of 
automobiles, the coating material of the present invention may be used for base coating 
and a known <.oating material for base coating may also be used. 

Examples of the known coating material for base coating include those containing 
an acryl-melajnine-based thermosetting resin. For example, there is known a coating 
material for bsise coating, comprising an acryl-melamine-based thennosetting resin, a 
diluent such as volatile organic solvent, a curing agent such as amino resin or 
polyisocyanats compoimd, a brightening agent such as aluminum paste, mica, or 
micaceous iron oxide, an inorganic or organic pigment such as titanium oxide, carbon 
black, or quinacridon, an additive resin such as polyester resin, epoxy resin, or cellulose 
resin, and additives such as surface modifier, ultraviolet absorber, and antioxidant. 
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As tlie base or top coating method, for example, there can be preferably employed 
a so-called tv/o coat/one bake curing method comprising appljring a coating material for 
base coating, applying a coating material for top coating (coating material of the present 
invention) wivhout curing the coating material for base coating with firing, and 
simultaneously curing both coating films. 

Wh€!ii an aqueous coating material is used as a base coating material, good 
appearance cm be obtained. Therefore, it is preferred that the base coating material is 
previously semicvired by heating at 60 to lOO^^C for about 1 to 10 minutes before top 
coating. Exiimples of the aqueous base coating material include those described in U.S. 
Patent No. 5,151,125 and U.S. Patent No. 5,183,504. 

The Ihermosetting coating composition and coating material of the present 
invention are obtained by mixing a polymer solution (A) containing a specific epoxy 
group-containing vinyl-based copolymer as a main component with a polymer solution (B) 
containing a specific carboxyl group and/or acid anhydride group-containing vinyl-based 
copolymer as a main component and are therefore excellent in curability at low 
temperature and storage stability and cause less surface bursting during the formation of a 
coating film, md is also capable of foinning a coating film which is excellent in hardness, 
toughness, crosslinking density, acid resistance, thermal yellowing resistance, 
weatherabilit}/, water resistance, solvent resistance, and scratch resistance and are suited for 
use as a coating material for top coating of automobiles. The thermosetting coating 
composition and coating material of the present invention can meet the high solid- 
requirement a]id are environmentally friendly. 

EXAMPLES 

The ]:Tesent invention will now be described in detail by way of examples 
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Evaluation items of vinyl-based polymer and evaluation method 
(Examples 1 to 9, Comparative Example 1) 
<Measureme:at of molecular weights 

The molecxilar weight was measured by the following gel permeation 
chromatography (GPC). As a polystyrene standard sample, the following samples each 
having a mok^cular weight vnthin a range fiom 6200000 to SOO (total 12 kinds of samples, 
manufactured by Tosoh Corporation) were used. The molecular weight determined is a 
polystyrene e<]uivalent molecular weight. 



Tradename 


Molecular weight 


F-700 


6200000 


F-228 


2800000 


F-i:!8 


1100000 


F-8() 


707000 


F-4I) 


354000 


F-20 


189000 


F-IO 


98900 


F-4F 


37200 


F-1 


9830 


A-5-300 


5870 


A-1'DOO 


870 


A-5>30 


500 (GPC) 



GPC apparatus: manufactured by Tosoh Corporation under the trade name of HCL-8020 
Colimm: manufactured by Tosoh Corporation, two TSKGel GMHXL (7.8 mm in mside 
diameter x 30 cm in length), one TSKguardculmn HXL-H (6,0 mm in inside diameter x 
4.0 cm in length) 
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Mobile phase: tetrahydrofiiran 
Sample injection amount: 0.1 ml 
Sample concimtration: 1 mg/ml 
Flow rate: l.C ml/min 

A dilTerential refractometer (RI) was used as a detector. 
<Measuremetit of unreacted monom^ content> 

AmE^asuring sample was obtained by dissolving about O.S g of a vinyl-based 
polymer mixiiure containing a solvent and an unreacted monomer in about 10 g of acetone 
and adding b utyl acetate as an internal standard. Using a gas chromatograph equipped 
with two kin<is of columns (manufactured by Shimadzu Corporation, GC-14A), the content 
of the unreac ted monomer of the measuring sample was measured under the following 
conditions. 

Column: SPIUS manu&ctured by SUPELCO 
Injection amount: 1 (iL 
Injection temj^erature: 150^C 
Detector temj^erature: 1 90**C 

Column temperature: after maintaining at SO^C for one minute, heating to ISO'^C at a rate 

of lO^C per rtkinute, followed by maintaining for 1 0 minutes 

Column: WAX-10 manufactured by SUPELCO 

Injection amount: 1 

Injection temj^ature: ISO^C 

Detector temperature: 190®C 

Column tempierature: after maintaining at SO^C for one minute, heating to ISO^C at a rate 
of lO^C per minute, followed by maintaining for 10 minutes 
<Calculation of rate of polymerization and solid contents 
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The mte of polymerization was determined by the following procedure. That is, 
the amount o:( the unreacted monomer was measured and the rate of polymerization was 
calculated by the following equation (1) or (2). The equation (1) is applied v/ben no 
solvent is contained, while the equation (2) is applied when a solvent is contained. 

The solid content was determined by the following procedure. That is, the 
amount of the unreacted monomer was measured and the solid content was calculated by 
the following equation (3) or (4). The equation (3) is applied when no solvent is 
contained, while the equation (4) is applied when a solvent is contained. 

Rate of polymerization = {1 - (mass of \mreacted monomer)/(mass of polymer 
mixture - mzus of polymerization initiator)} x 100 ... (1) 

Rate of polymerization - {1 • (mass of residual monomer)/(mass of polymer 
mixture - mass of solvent - mass of polymerization initiator)} x 1 00 • -(2) 

Solid content = {1 - (mass of residual monomery(mass of polymer mixture)} x 
100 -..(3) 

Solic content = { 1 - (mass of residual monomer + mass of solvent)/(mass of 
polymer raixlijre)} X 100 --(4) 
[Example 1] 

In the first step, a continuous tank reactor equipped with a stirring blade, a 
material feediing line, a polymer extracting line, a nitrogen pressure line, and a temperature 
controller was: used. A material mixture comprising 20 parts by mass of styrene, 35 parts 
by mass of misthyl methacrylate, 5 parts by mass of n-butyl methacrylate, 40 parts by mass 
of glycidyl methacrylate, and 2 parts by mass of di-tertiary butyl peroxide (trade name: 
PERBUTYL'- ^ D, manufactured by NOF Corporation) as a polymerization initiator was 
continuously :fed to a &st reactor maintained at 200^C and 1 .0 MPa so as to control a 
retention time to IS minutes, and then polymerized to obtain a reaction intermediate 
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mixture. Skiultaneoiisly, the reaction intermediate mixture was continuously extracted 
from the first reactor using a gear pump. 

The molecular weight of the vinyl-based polymer contained in the resulting 
reaction intermediate mixture (hereinafter referred to as an intermediate vinyl-based 
polymer) was measured by GPC. As a result, the mass average molecular weight was 
3 1 00, the solid content of the reaction intermediate mixture measured by gas 
chromatograi)hy was 95.8%, and the rate of polymerization was 95.7%. 

The reaction intermediate mixture containing 102 parts by mass of the 
intermediate vinyl-based polymer was charged in a tank reactor as a second reactor 
equipped wid:: a stirring blade and a temperature controller and 1 part by mass of di-tertiary 
butyl peroxide (trade name: PERBUTYL™ D, manufactured by NOF Corporation) as a 
polymerization initiator was added, and then the polymerization in the second step was 
conducted by maintaining at 160°C for one hour to obtain a vinyl-based polymer mixture. 

The idnyl-based polymer mixture thus obtained was analyzed by gas 
chromatography. As a result, the solid content was 99.2% and the rate of polymerization 
was 99.2%, The molecular weight of the vinyl-based polymer was measured by GPC. 
As a result, tlie mass average molecular weight was 3300. 
[Example 2] 

In the first step, the same apparatus as in Example I was used. A material 
mixture comprising 20 parts by mass of styrene, 35 parts by mass of methyl methacrylate, 
5 parts by mass of n-butyl mediaoylate, 40 parts by mass of glycidyl mefliacrylate, 20 
parts by mass of toluene, and 2 parts by mass of di-tertiary butyl peroxide (trade name: . 
PERBUTYL^^ D, manufactured by NOF Corporation) as a polymerization initiator was 
continuously fed to a first reactor maintained at 200^C and 1.0 MPa so as to control a 
retention time to 10 minutes, and then polymerized to obtain a reaction intermediate 
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mixture. Si multaneously, the reaction intermediate mixture was continuously extracted 
from the first reactor using a gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 2600, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 79.5%, 
and the rate of polymerization was 95.0%. 

The i-eaction intermediate mixture containing 122 parts by mass of the 
intermediate %inyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a tempmture controller and 1 part by mass of di-tertiary butyl peroxide (trade 
name: PERBIJTYL™ D, manufactured by NOP Corporation) as a polymerization initiator 
was added, and then the polymerization in the second step was conducted by maintaining 
at IdO^'C for cne hour to obtain a vinyl-based polymer mixture. The vinyl-based polymer 
mixture thus cibtained was analyzed by gas chromatography. As a result, the solid content 
was 83.0%, tlie rate of polymerization was 99.1%, and the mass average molecular weight 
of the vinyl-biised polymer measured by GPC was 2700. 
[Example 3] 

The reaction intermediate mixture containing 122 parts by mass of the 
intermediate ^/inyl-based polymer obtained in the first reactor in the same manner as in 
Example 2 w<is mixed with 1 part by mass of di-tertiary butyl peroxide (trade name: 
PERBUTYL^^"^ D, manufactured by NOP Corporation) as a polymerization initiator, 
continuously :[ed to a tubular reactor as a second reactor so as to control a retention time to 
30 minutes, aj:d then continuously polymerized in the second step to obtain a vinyl-based 
polymer mixt>.ire. The jacket temperature of the tubular reactor was controlled to 1 80*^C. 
The vinyl-based polymer mixture thus obtained was analyzed by gas chromatography. As 
a result, the solid content was 82.5%, the rate of polymerization was 98.5%, and the mass 
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average molecular weight of the vinyl-based polymer measured by GPC was 2700. 
[Example 4] 

The iieaction intemiediate mixture containing 122 parts by mass of the 
intermediate v^inyl-based polymer obtained in the first reactor in the same manner as in 
Example 2 vaxs mixed with 0.5 parts by mass of di-tertiary butyl peroxide (trade name: 
PERBUTYL '^ D, manufactured by NOP Corporation) as a polymerization initiator and 
Hien continuously fed to a tubular reactor so as to control a retention time to 30 minutes* 
Furthermore, a mixture of 0.5 parts by mass of di-tertiary butyl peroxide (trade name: 
PHIBUTYL '^ D, manufactured by NOP Corporation) and 0.5 parts by mass of toluene 
was continuously fed from an intermediate point of the tubular reactor in the amoxmt of 1 
part by mass leased on 122 parts by mass of the polymerization component to obtain a 
vinyl-based polymer mixture. The jacket temperature of the tubular reactor was 
controlled to :i 80X. The vinyl-based polymer mixture thus obtained was analyzed by 
gas chromato|;raphy. As a result, the solid content was 82.8%, the rate of polymerization 
was 98.9%, and the mass average molecular weight of the vinyl-based polymer measured 
by GPC was :;:600. 
[Example 5] 

In the first step, the same apparatus as in Example 1 was used. A material 
mixture comi»rising 20 parts by mass of styrene, 20 parts by mass of n-butyl methacrylate, 
10 parts by m:iss of 2-ethylhexyl acrylate, 20 parts by mass of 4-hydroxybutyl acrylate, 30 
parts by mass of glycidyl methacrylate, 20 parts by mass of an aromatic hydrocarbon 
mixture (trade name: SOLVESSO™ 150, manufactured by Exxon Chemical Co., Ltd.) as a 
solvent, and 5 parts by mass of di-tertiary hexyl peroxide (trade name: PERHEXYL™ D, 
manufactured by NOP Corporation) as a polymerization initiator was preheated to 60^C, 
fed to a first n^^ctor maintained at 240''C and 2.0 MPa so as to control a retention time to S 
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minutes and then polymerized to obtain a reaction intermediate mixture. Simultaneoiisly, 
the reaction i]::termediate mixture was continuously extracted fiom the first reactor using a 
gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 21 00, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 77.6%, 
and the rate oj' polymerization was 92.0%. 

The reaction intemiediate mixture containing 125 parts by mass of the 
uitermediate ^nyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller, and 1 part by mass of di-terdaiy hexyl peroxide (trade 
name: PERHiiXYL™ D, manufactured by NOF Corporation) as a polymerization initiator 
was added, and then the polymerization in the second step was conducted by maintaining 
at 1 60^C for one hour to obtain a vinyl*based polymer mixture. The vinyl-based polymer 
mixture thus obtained was analyzed by gas chromatography. As a result, the solid content 
was 82.5%, ttie rate of polymerization was 98.0%, and the mass average molecular weight 
of the vinyl-b Eised polymer measured by GPC was 2200. 
[Example 6] 

In the first step, the same apparatus as in Example 1 was used. A material 
mixture compiising 30 parts by mass of styrene, 1 5 parts by mass of 2-ethylhexyl acrylate, 
1 5 parts by nuiss of 4-hydroxyethyl methacrylate, 40 parts by mass of glycidyl 
methacrylate, 40 parts by mass of an aromatic hydrocarbon mixture (trade name: 
SOLVESSO^'* 150, manufactured by Exxon Chemical Co., Ltd.) as a solvent, and 1 part 
by mass of di- rertiary hexyl peroxide (trade name: PERHEXYL™ D, manufactured by 
NOF Corporation) as a polymerization initiator was preheated to lOO^C, continuously fed 
to a first reactor maintained at 240®C and 2.0 MPa so as to control a retention time to 5 
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minutes, and then polymerized to obtain a reaction intennediate mixture. Simultaneously, 
the reaction intermediate mixture was continuously extracted from the first reactor using a 
gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 2300, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 68.7%, 
and the rate of polymerization was 95.9%. 

The li^action intermediate mixture containing 141 parts by mass of the 
intennediate vinyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller, and 1 part by mass of di-tertiary hexyl peroxide (trade 
name: PERHIiXYL™ D, manufactured by NOP Corporation) as a polymerization initiator 
was added, an d then the polymerization in the second step was conducted by maintaining 
at I60^C for one hour to obtain a vinyl-based polymer mixture. The vinyl-based polymer 
mixture thus obtained was analyzed by gas chromatography. As a result, the solid content 
was 70.5%, tl:e rate of polymerization was 98.1%, and the mass average molecular weight 
of the vinyl-based polymer measured by GPC was 2500. 
[Example 7] 

In the first step, the same apparatus as in Example 1 was used. A material 
mixture comprising 20 parts by mass of styrene, 20 parts by mass of n-butyl methacrylate, 
15 parts by mjass of 2-ethylhexyl acrylate, 10 parts by mass of isoboronyl acrylate, 34 parts 
by mass of 2-hydroxyethyl methacrylate, 1 part by mass of mettiacrylic acid, and 2 parts by 
mass of di-terdary hexyl peroxide (tmde name: PERHEXYL™ D, manufactured by NOP 
Corporation) as a polymerization initiator was fed to a first reactor maintained at 240^C 
and 2.0 MPa v>o as to control a retention time to 1 7 minutes, and then polymerized to obtain 
a reaction inti:rmediate mixture. Simultaneously, the reaction intermediate mixture was 
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continuously extracted from the first reactor using a gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 2000, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 92.6%, 
and the rate of polymerization was 92.5%. 

The Inaction intermediate mixture containing 102 parts by mass of the 
intermediate vinyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller and 0.5 parts by mass of di-tertiary hexyl peroxide 
(trade name: PERHEXYL™ D, manufactured by NOF Corporation) as a polymerization 
initiator, and 30 parts by mass of an aromatic hydrocarbon mixture (trade name: 
SUPERSOL 1 500, manufactured by Nippon Petrochemicals Company, Limited) were 
added, and then the polymerization in the second step was conducted by maintaining at 
1 60^C for oni:: hour to obtain a vinyl-based polymer mixture. The vinyl-based polymer 
mixture thus obtained was analyzed by gas chromatography. As a result, the solid content 
was 75.5%, tl: e rate of polymerization was 97.5%, and the mass average molecular weight 
of the vinyl-b i3ised polymer measured by GPC was 2200. 
[Example 8] 

In the first step, die same apparatus as in Example 1 was used. A material 
mixture comjirising 30 parts by mass of styrene, 15 parts by mass of isobutyl acrylate, 20 
parts by mass of 2-ethylhexyl methacrylate, 14 parts by mass of 2-hydroxyethyl acrylate, 
20 parts by ro.:iss of 4-hydroxybutyl acrylate, 1 part by mass of methacrylic acid, 30 parts 
by mass of SIJPERSOL 1 500 (manxxfactured by Nippon Petrochemicals Company, 
Limited) as a solvent, and 2 parts by mass of di-tertiary hexyl peroxide (trade name: 
PERHEXYL'^'^ D, manufisictured by NOF Corporation) as a polymerization initiator was 
fed to a first n^actor maintained at 240^C and 2.0 MPa so as to control a retention time to 
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17 minutes, and then polymerized to obtain a reaction intermediate mixture. 
Simultaneousily, the reaction intermediate mixture was continuously extracted from the 
first reactor using a gear pump. 

The molecular weight of the resulting intennediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 1 500, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 69.3%, 
and the rate of polymerization was 89.5%. 

The reaction intennediate mixture containing 132 parts by mass of the 
intermediate ^inyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller and 0.5 parts by mass of di-tertiary hexyl peroxide 
(trade name: PERHEXYL™ D, manufactured by NOF Corporation) as a polymerization 
initiator was kidded, and then the polymerization in the second step was conducted by 
maintaining at 160^C for one hour to obtain a vinyl-based polymer mixture. The vinyl- 
based polymer mixture thus obtained was analyzed by gas chromatography. As a result, 
the solid conttmt was 75.8%, the mte of polymerization was 98.0%» and the mass average 
molecular weight of the vinyl-based polymer measured by GPC was 1800. 
[Example 9] 

In the? first step, the same apparatus as in Example 1 was used. A material 
mixture compirising 30 parts by mass of styrene, 40 parts by mass of n-butyl methacrylate, 
10 parts by msiss of 2-ethylhexyl methacrylate, 20 parts by mass of an aromatic 
hydrocarbon riixture (trade name: SUPERSOL 1500, manufactured by Nippon 
Petrochemicals Company, Limited) as a solvent, and 3 parts by mass of di-tertiary hexyl 
peroxide (tracts name: PERHEXYL™ D, manufactured by NOF Corporation) as a 
polymerization initiator, and a material mixture comprising 20 parts by mass of maleic 
anhydride and 10 parts by mass of ethyl-3-ethoxypropionate were dissolved by preheating 
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to 50^C, fed to a first reactor maintained at 250^C and 2.0 MPa so as to control a retention 
time to 10 minutes, and then polymerized to obtain a reaction intermediate mixture. 
Simultaneously, the reaction intermediate mixture was continuously extracted from the 
first reactor ujsing a gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 2300, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 67.9%, 
and the rate of polymerization was 87.3%. 

The ineaction intermediate mixture containing 133 parts by mass of the 
intermediate '^dnyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller, and 1 part by mass of di-tertiary hexyl peroxide (trade 
name: PERHEiXYL™ D, manufactured by NOF Corporation) as a polymerization initiator 
was added, and then the polymerization in the second step was conducted by maintaining 
at 1 60*^C for one hour to obtain a vinyl-based polymer mixture. The vinyl-based polymw 
mixture thus obtained was analyzed by gas chromatogn^hy. As a result, the solid content 
was 74.8%, tli e rate of polymerization was 96.2%, and the mass average molecular weight 
of the vinyl-b:ised polymer measured by GPC was 2600. 
[Comparative Example 1] 

In the first step, the same apparatus as in Example 1 was used. A material 
mixture comprising 10 parts by mass of styrene, 10 parts by mass of n-butyl aciylate, 20 
parts by mass of isobutyl methacrylate, 10 parts by mass of 2-ethylhexyl methacrylate, 20 
parts by mass of 2-hydroxyethyl acrylate, 30 parts by mass of glycidyi methacrylate, 100 
parts by mass of an aromatic hydrocarbon mixture (trade name: SOLVESSO™ 150, 
manufactured by Exxon Chemical Co., L^.) as a solvent, and 1 part by mass of di-tertiary 
hexyl peroxide (trade name: PERHEXYL™ D, manufactured by NOF Corporation) as a 
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polymerizaticm initiator was fed to a first reactor maintained at 150°C and 2.0 MPa so as to 
control a retention time to S minutes, and then polymerized to obtain a reaction 
intermediate mixture. Simultaneously, the reaction intermediate mixture was 
continuously extracted from the first reactor using a gear pump. 

The molecular weight of the resulting intermediate vinyl-based polymer was 
measured by GPC. As a result, the weight average molecular weight was 8800, the solid 
content of the reaction intermediate mixture measured by gas chromatography was 223%, 
and the rate of polymerization was 43.8%. 

The reaction intermediate mixture containing 201 parts by mass of the 
intermediate vinyl-based polymer was charged in a tank reactor equipped with a stirring 
blade and a temperature controller and 1 part by mass of di-tertiary hexyl peroxide (trade 
name: PERHliiXYL™ D, manufactured by NOP Corporation) as a polymerization initiator 
was added, and then the polymerization in the second step was conducted by maintaining 
at 1 40^C for 5 hours to obtain a vinyl-based polymer mixture. The vinyl-based polym^ 
mixture thus cibtained was analyzed by gas chromatography. As a result, the solid content 
was 44.3%, tlie rate of polymerization was 87.4%, and the mass average molecular weight 
of tiie vinyl-biised polymer measured by GPC was 23000. 

Since Examples 1 to 9 are within the scope of the present invention, a low 
molecular wei ght vinyl-based polymer with less unreacted monomer content could be 
efiBcientiy prej^ared. 

In Comparative Example 1, the rate of polymerization in the first step is less than 
45% and the \'Lnyl-based polymer obtained in the second step showed an increased 
molecular weight. As a result, the mass average molecular weigh of the final vinyl-based 
polymer exceeds 10000 and tiius the polymer is not suited for use as coating materials, 
adhesives and coating agents. Since the retention time in the second step exceeds 240 
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minutes, the resxilting vinyl-based polymer has less unreacted monomer content, but was 
not efficiently prepared. 

Evaluation items of thermosetting coating composition and coating material, and 
evaluation procediire (Examples 10 to 17, Comparative Examples 2 to 8) 
<Mass averag;e molecular weight> 

After preparing a tetrahydrofuran solution (0.4% by mass) of a vinyl-based 
copolymer us^sd in a thermosetting coating composition, 100 |il of the resulting solution 
was injected into a gel permeation chromatography (GPC) apparatus manufactured by 
Tosoh Corpoiration with a column (GE4000HXL™ and G2000HXL™) manufectured by 
Tosoh Corpoiration, and then a standard polystyrene equivalent mass average molecular 
weight was measured under the conditions of a flow rate of 1 ml/min., an eluent of 
tetrahydrofursm and a column temperature of 40°C. 
<Resin solid (::ontent> 

After sampling 1 g of a polymer solution on an aluminum pan, the polymer 
solution was dried at 150**C for one hour and the nonvolatile content (% by mass) was 
measured. 

<Measuremeat of unreacted monomer content> 

A mE^uring sample was obtained by dissolving about 0.5 g of a vinyl-based 
polymer mixlrure containing a solvent and an imreacted monomer in about 1 0 g of acetone 
and adding butyl acetate as an internal standard. Using a gas chromatograph equipped 
with two kinds of columns (a) and (b) (manufactured by Shimadzu Corporation, GC-14A), 
the content oJ: the unreacted monomer of the measuring sample was measured under the 
following conditions. 

(a) Column: SPB-5 manufectured by SUPELCO 
Injection amount: 1 )jL 
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Injection temperature: 150°C 
Detector temperature: 190°C 

Column temperature: after maintaining at 50**C for one minute, heating to 1 80^*0 
at a rate of 1(I°C per minute, followed by maintaining for 1 0 minutes 
(b) Column: WAX-10 manufactured by SUPELCO 

Injection amoimt: 1 

Injection temperature: ISO^'C 

Detector temperature: 190''C 

Column temperature: after maintaining at 50°C for one minute, heating to 180**C 
at a rate of lO^C per minute, followed by maintaining for 1 0 minmes 
<Calculation of rate of polymeri2:ation and solid conten1> 

The mte of polymerization was determined by the following procedure. That is, 
the amount of the unreacted monomer was measured and the rate of polymerization was 
calculated by the following equation (A). 

The ijolid content was determined by the following procedure. That is, the 
amoimt of th<; unreacted monomer was measured and the solid content was calculated by 
the following equation (B). 

Rate of polymerization = {1 - (mass of residual monomer)/(mass of polymer 
mixture - mai>s of solvent -mass of polymerization initiator)} x 1 00 * . . (A) 

Solid content { 1 - (mass of residual monomer + mass of solvent)/(mass of 
polymer mixirure)} x 1 00 . . - (B) 

<Storage stability> 

Aftej: standing at 60^C for 24 hours, the viscosity of a coating material was 
measured by Ford cup #4. Storage stability was evaluated from an increase in second 
after a test acc^ording to the following criteria. 
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Criteria 

A: increase in second is less than 13 seconds, excellent storage stability 

B: increase in second is 13 seconds or more and less than 20 seconds, good storage 

stability, suited for practical use 

C: increase in second is 20 seconds or more and less than 30 seconds, poor storage stability, 
not suited for practical use 

D: increase in second is 30 seconds or more, drastically poor storage stability, not suited 
for practical u se 
<Surface bur^ting> 

On a degreased tin plate (300 mm ^ 450 mm), the resulting coating material was 
applied by a multi-coating method so that the resulting coating film has a dry thickness of 
30 ^m, allowtid to stand at normal temperature for 15 minutes and then fired by a hot air 
dryer at 140®<} for 30 minutes to form a coating film. It was visually observed whether or 
not poor appearance due to surface bursting during the formation of a coating film is 
observed on tlie surface of the coating film of this test plate, and the evaluation was 
conducted acc ording to the following criteria. 
Criteria 

B: no surface bursting is observed, good appearance (surfece state) 
D: surface bu] sting is observed, poor appearance (surface state) 
<Molecular v/eight between crosslinkages (crosslinldng density)> 

In the same maimer as in case of the evaluation of surface bursting, except that a 
degreased pol ypropylene plate (1 50 mm x 1 50 mm) was used in place of the tin plate, a 
test plate was fabricated. 

After a coating film (4 nun ^ 30 mm) was cut out form the resulting test plate, 
viscoelasticit;/ was measured under the conditions of a measuring fi^quency of 3.5 Hz and 
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a heating rate of 3^C/min. using a RHEOVTORON (DDV-II-EP™) manufactured by Toyo 
Boldwin Co., Ltd. and the molecular weight between crosslinkages Mc was determined by 
the following equation. The smaller the value of Mc, the higher the crosslinking density 
becomes. 
Mc = 3pRT/E' 

where p represents a density of a coating film (1 in this test), R represents a gas constant, 

represents a minimum value of dynamic modulus of elasticity in a high temperature 
rubber range, imd T represents a temperature at which a dynamic modulus of elasticity 
becomes a minimum value E' in a high temperature rubber range). 

Samples, which show the molecular weight between crosslinkages of 600 or less, 
were rated gocKl. 
<Gel fraction; 

In thf^: same manner as in case of the evaluation of the molecular weight between 
crosslinkages, a test plate was fabricated and a coating film (SO mm x 50 mm) was cut out 
form the resuldng test plate and then immersed in a solvent mixture of acetone and 
methanol in a mass ratio of 50/50 at reflux temperature for 3 hours. The content (% by 
mass) of the ii .soluble matter was evaluated as a gel fiaction. The larger the valiie of the 
gel fraction, tlie higher the crosslinking degree of the coating film becomes. Samples, 
which show tlie gel fraction of 90% or more, were rated good. 
<Extension at break (toughness)> 

In the same manner as in case of the evaluation of the molecular weight between 
crosslinkages, a test plate was fabricated and a coating film (10 mm x 70 mm) was cut out 
form the resulting test plate. Using a tester RTA-250 manufactured by Orientec Co., Ltd., 
a tensile test v<as conducted at a testing speed of 1 0 mm/min. and extension at break {%) 
was measured. The larger the extmsion at break, the higher ttie toughness becomes. 
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Samples, which show the extension at break of 5% or more, were rated good. 
<Pencil hardness (hardness)> 

In the same manner as in case of the evaluation of surface bursting, a test plate 
was fabricate:!. The resulting coating fihn was scratched at an angle of 45 degrees using 
Mitsubishi Pencil UNI and the maximum hardness of the pencil, which causes no 
scratching, w^is measured. Samples, which show the pencil hardness of F or more, were 
rated good. 
<Acid resistarice> 

In the same manner as in case of the evaluation of surface bursting, a test plate 
was fabiicatecl. On ttie resulting coating film, an aqueous 40 mass% sulfuric acid solution 
was added dnr^pwise in the form of spots and, after standing at 70°C for 1 S minutes and 
washing with water, a change in appearance of spot marking was visually observed. 
<Solvent resi); tance> 

In the same manner as in case of the evaliiadon of surfece bursting, a test plate 
was fabricate^:!. The resulting coating film was subjected to a rubbing test of rubbing with 
gauze impregnated with methyl ethyl ketone SO times, and then a change in appearance 
was visually o bserved. 
<Scratch resij;tance> 

In the; same maimer as in case of the evaluation of sur&ce bursting, a test plate 
was fabricate:!. The resulting coating film was coating film was contacted with a gauze 
impregnated ^lath an aqueous 50 mass% solution of Maken Cleanser™ manufactured by 
Maken Sekkeii Co., Ltd. and subjected to a fiiction test of rubbing 50 times under a load of 
1 kg, using a Clubbing Tester manufactured by Daiei Kagaku Seiki Mfg. Co., Ltd., and then 
a change in qipearance was visually observed. 
<Thermal yellowing resistancO 
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In thi: same manner as in case of the evaluation of surface bursting, a test plate 
was fabricated The resulting coating fihn vm overbaked at 1 60°C for one hour. Using 
SE2000 manufactured by Nippon Denshoku Industries Co., Ltd., a value b of the coating 
film was measiured before and after the test and a diifference was evaluated as yellowing 
degree. 

<Water resistjmce> 

In the same manner as in case of the evaluation of surface bursting, a test plate 
was fabricateii The resulting coating film was immersed in hot water at 40^C for 10 days 
and the suifa<;e state of the coating film was visually observed. It was examined Aether 
or not a chanjie in state such as **bulge'\ ^lister^, or '"whitening" occurs. 
<Weatherability > 

In thi) same manner as in case of the evaluation of surface bursting, a test plate 
was febricateii Using Simshine Weather Meter™ (manufactured by Suga Test 
Instruments C'o., Ltd.), initial gloss value and gloss value after tested for 2000 hours of the 
resulting test plate were measured and a difference was evaluated. 
<Curability ai: low temperature> 

On a degreased tin plate (300 mm x 450 mm), the resulting coating material was 
applied by a multi-coating method so that the resulting coating film has a dry thickness of 
30 (mi, allowisd to stand at normal temperature for IS minutes and then fired by a hot air 
dryer at 1 20^(1' for 30 minutes to form a coating film. This coating film was subjected to 
the above solvent resistance test using xylene and a change in appearance of the coating 
film was visuEilly observed. 

Acid resistance, solvent resistance, scratch resistance, thermal yellowing 
resistance, wsiter resistance, weatherability and curability at low temperature were 
evaluated according to the following criteria. 
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Criteria 

A: Quality of the coating film after the test is the same as that before the test and 

remarkably excellent properties of the coating film are maintained. 

B-A: Quality of the coating film after the test is substantially the same as that before the 

test and excellent properties of the coating film are maintained. 

B: Quality of the coating film after the test is slightly deteriorated as compared with that 

before the test:, but satisfactory practical properties are maintained. 

C-B: Quality of the coating film after the test is deteriorated as compared with that before 

the test, but S Eitisfactoiy practical properties are maintained. 

D-C: Quality of the coating film after the test is deteriorated as compared with that before 
the test, and il is not suited for pracatical use. 

D: Quality of the coating film after the test is drastically deteriorated as compared with that 
before the test, and it can not be put for practical use. 
(Synthesis Example 1) Synthesis of polymer solution (A-1) 

A pri2 ssure-resistant continuoiis tank type reactor equipped with a stirring blade, a 
material feeding line, a polymer extracting line, a nitrogen pressure line, and a temperature 
controller wass previously heated to 220X imder a nitrogen gas atmosphere. A mixture 
comprising 40 parts by mass of SOLVESSO™ #150 (manufactured by Esso Co., aromatic 
hydrocarbon) as a solvent, 40 parts by mass of glycidyl methaciylate, 20 parts by mass of 
4-hydroxybutyI acrylate, 10 parts by mass of i-butyl methacrylate, 10 parts by mass of 2- 
ethylhexyl mcrthacrylate, 10 parts by mass of cyclohexyl methaciylate, and 10 parts by 
mass of styrene as a monomer, and 2 parts by mass of 2,2'-a2obis-2-methylbutyronitrile as 
a polymerization initiator was continuously fed to the reactor while instilling fi-om the 
upper portion of the reactor using an instillation pump so as to control a retention time to 5 
minutes. 



2005 06/23 18:38 FAX 03 5288 5833 



111069/091 



60 

5 minutes after the initiation of injection of the mixture, extraction of the resin 
solution through an extraction port located at the lower portion of the reactor at the same 
rate as that of feeding was initiated. After extracting for 1 S minutes, the resin solution 
was discarded as a first fraction. Subsequendy, the resin solution was continuously 
recovered in ». separately prepared tank reactor equipped with a stirrer, a temperature 
controller and a condenser. After collecting for 45 minutes, extraction was temunated 
and the remained resin solution in tibe continuous tank type reactor was discarded. 

The lank reactor containing the recovered resin solution was maintained at 145^C 
and 0.5 parts by mass of 2,2*-azobis-2-methylbutyronitrile as an additional polymerization 
initiator (addi* donal catalyst) was continuously added over one hour, and then a ratio of 
conversion into a resin was enhanced by maintaining at 1 30X for one hour to obtain an 
epoxy group-(X)ntaining vinyl^based copolymer solution (A-1) having a resin solid content 
of about 71% by mass* 

The composition of monomers used to synthesize the polymer, the amount of the 
polymerizatioQ initiator, the polymerization temperature, and properties of the resulting 
polymer solulrlons and polymers are shown in Table 1. 
(Synthesis Ex:amples 2 to 8) Synthesis of copolymer solutions (A-2) to (A-8) 

In thf3 same manner as in Synthesis Example 1 , except that the composition of 
monomers to 'be used, the amount of the polymerization initiator to be added, and the 
polymerizatioa temperature are as shown in Table 1, epoxy group-containing vinyl-based 
copolymer solutions (A-2) to (A-8) were synthesized. Properties of the resulting polymer 
solutions and polymers are shown in Table 1. 

(Synthesis Examples 9 to 11) Synthesis of polymer solutions (E-1) to (E-3) 

For comparison, vinyl-based polymer solutions (E-1) to (E-3), which do not meet 
the conditions defined in the copolymer solution (A), were synthesized in the same manner 
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as in Synthesis Example 1, except that the composition of monomers to be used, the 
amount of the polymerization initiator to be added and the polymerization temperature are 
as shown in Table 2. Prop^ies of the resulting polymer solutions and polymers are 
shown in Table 2. In Table 2, properties, which are not within the scope defined in 
polymer solution (A), in the polymer solutions (E-1) to (E-3) are marked with the symbol *. 
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In Ta bles 1 and 2, the amounts of monomers and polymerization initiators are 
expressed by mparts by mass**. The epoxy equivalent weight, the hydroxyl group 
equivalent w<ught and the glass transition temperature show theoretical values. 
Abbreviation!! mean the following compounds. 
GMA: glycidyl methacrylate 
HBA: 4-hydroxybutyl acrylate 
HEA: 2-hydrc>xyethyl acrylate 
HEMA: 2-hyclroxyethyl methacrylate 
i-BA: i-butyl jicrylate 
n-BA: n-butyl acrylate 
i-BMA: i-butj'l methacrylate 
EHA: 2-ethylhexyl acrylate 
EHMA: 2-etb.ylhexyl methacrylate 
CHMA: cyclohexyl methacrylate 
EBXA: isoboronyl acrylate 
St: styrene 

Polymerization initiator (i): 2,2'-azobis-2-methylbutyronitrile 
(Synthesis Exjmiple 12) Synthesis of polymer solution (B-1) 

A pressure-resistant continuous tank type reactor equipped with a stirring blade, a 
material feeding line, a polymer extracting line, a nitrogen pressure line, and a temperature 
controller wasi previously heated to 200^C under a nitrogen gas atmosphere. A mixture 
comprising 25 parts by mass of SOLVESSO™ #150, 5 parts by mass of propylene glycol 
monomethyl c:ther acetate and 20 parts by mass of propylene glycol monomethyl ether 
acetate as a solvent, 20 parts by mass of maleic anhydride, 10 parts by mass of methacrylic 
acid, 20 parts by mass of i-butyl methacrylate, 10 parts by mass of 2-ethylhexyl 
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methacrylate,. 20 parts by mass of cyclohexyl methacrylate, and 20 parts by mass of styrene 
as a monomer, and 2.8 parts by mass of t-butylperoxy-2-ethylhexanoate as a 
polymerization initiator was continuously fed to the reactor while instilling from the upper 
portion of the: reactor using an instillation pump so as to control a retention time to 5 
minutes. 

S mi:iutes after the initiation of injection of the mixture, extraction of the resin 
solution through an extraction port located at the lower portion of the reactor at the same 
rate as that of feeding was initiated. After extracting for 1 S minutes, the resin solution 
was discarded as a first fraction. Subsequently, the resin solution was continuously 
recovered in el separately prepared tank reactor equipped with a stirrer, a temperature 
controller and a condenser. After collecting for 30 minutes, extraction was tenninated 
and the remamed resin solution in the continuous tank type reactor was discarded. 

The i:ank reactor containing the recovered resin solution was maintained at 14S^C 
and O.S parts jy mass of t-butyIperoxy-2-ethylhexanoate as an additional polymerization 
initiator (additional catalyst) was continuously added dropwise over one hour, and then a 
ratio of conversion into a resin was enhanced by maintaining at 130^C for one hour. The 
inner temperature of the tank reactor containing the recovered resin solution was decreased 
to 70^C and 6.2 parts by mass of methanol and O.S parts by mass of triethylamine were 
added, and then acid anhydride groups were partially monoesterified by maintaining the 
mner temperature at 70**C for 7 hours. 

It was confirmed by IR (infrared spectroscopy; 1780 cm'^) that the acid anhydride 
groups are decreased to obtain a vinyl-based copolymer solution (B-1) having a resin solid 
content of 64% by mass. 

The ix)mposition of monomers used to synthesize the polymer, the amount of the 
polymerization initiator, the polymerization temperature, and properties of the resulting 
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polymer solutions and polymers are shown in Table 3. The resulting vinyl-based 
copolymer (B-I) had 1% by mass of a maleic anhydride monomer unit, 19% by mass of a 
monomethyl maleate monomer unit and 10% by mass of a methacrylic acid monomer unit, 
based on 1 00% by mass of the entire monomer units. 
(Synthesis Estamples 13 to 16) Synthesis of polymer solutions (F-1) to (F-4) 

For comparison, vinyl-based polymer solutions (F-1) to (F-4), which do not meet 
the conditions defined in the copolym^ solution (B), were synthesized in the same maimer 
as in Synthesis Example 12, except that the composition of monomers to be used, the 
amount of tho polymerization initiator to be added and the polymerization temperature are 
as shown in Table 3. Properties of the resulting polymer solutions and polymers are 
shown in TabJe 3. In Table 3, properties, which are not within the scope defined in 
polymer solution (B), in the polymer solutions (F-1) to (F-4) are marked with the symbol *. 
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In Table 3, the amounts of monomers and polymerization initiators are expressed 
by '"parts by mass". The acid equivalent weight and the glass transition temperature show 
theoretical val ues. Abbreviations mean the following compounds. 
MAA: methyl acrylate 
i-BMA: i-butj'l methacrylate 
n-BA: n-butyl acrylate 
EHMA: 2-ethylhexyl methacrylate 
CHMA: cyclchexyl methacrylate 
St: styrene 

Polymerization initiator (ii): t-butylperoxy-2-ethylhexanoate 
(Example 10) 

1 00 K of a polymer solution (A-1), 1 00 g of a polymer solution (B-1), 0.2 g of 
MODAFLO\^^™ (manufactured by Monsanto Co., acryl-based surface modifier), 1 g of 
ben2yl tri-n-b Jtylanmnonium bromide, 2 g of TI^^JVIN™ 900 (manufactured by Ciba- 
Geigy Limitctl, ultraviolet absorber), 2 g of SANOL''^ LS-765 (manufactured by Sankyo 
Co., Ltd., photostabilizer), and 10 g of n-butanol were mixed with stining. The mixture 
was diluted with a solvent nuxture of an aromatic hydrocarbon mixture (trade name: 
SOLVESSO"^'* 150, manufactured by Exxon Chemical Co., Ltd.) and propylene glycol 
monomethyl u-tfaer acetate in a mass ratio of 80/20 so as to adjust the viscosity at 20''C to 
28 seconds with Ford cup #4 to obtain a coating material of the preset invention 
(thermosettini; coating composition). The main composition of the coating material thus 
prepared is shown in Table 4. 
(Examples 11 to 17) 

In Rt amples 1 1 to 1 7, coating materials of the present invention (thermosetting 
coating compositions) were obtained in the same manner as in Example 10, except that the 
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kind of the polymer solution (A) to be used and the amounts of the polymer solutions (A) 
and (B) are ass shown in Table 4. In Examples 1 6 and 1 7, coating materials of the present 
invention (thermosetting coating compositions) were obtained in the same manner as in 
Example 1 , e>:cept that the kind of the polymer solution (A) to be used and the amounts of 
the polymer solutions (A) and (B) are as shown in Table 4 and the auxiliary curing agent 
(C) is added in the amount shown in Table 4. As the auxiliary curing agent (C), either of 
an auxiliary curing agent (C-1 ): YUBAN™ 20SE60 (manufactured by Mitsui Chemicals, 
Inc., n-butylaled melamine resin, nonvolatile content: 60% by mass) and an auxiliary 
curing agent (C-2): DENACOL™ EX-212 (manufactured by Nagase Chemical Co,, Ltd., 
aliphatic epoxy resin, nonvolatile content: 100% by mass) was used. 
(Comparative: Examples 2 to 8) 

In Comparative Examples 2 to 4, comparative coating materials were obtained in 
the same manner as in the Example, except that a polymer solution (E) was used in place 
of the polymer solution (A). In Comparative Examples 5 to 8, comparative coating 
materials were obtained in the same manner as in the Example, except that a polymer 
solution (F) used in place of the polymer solution (B). Main compositions of the 
respective cojs ting materials thus prepared are shown in Tables 5 and 6. 
(Results) 

The results of the respective Examples and Comparative Examples are shown in 
Tables 4 to 6. 

As sliown in Table 4, the coating materials of the present invention (thermosetting 
coating compositions) prepared in Examples 10 to 17 are excellent in storage stability and 
curability at low temperature. The coating films formed by using the resulting coating 
materials cauEe no surface bursting and show good appearance, and also show high 
crosslinking density (molecular weight between crosslinkages), gel fiction, tougjmess 
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(extension at break), and hardness (pencil hardness) and are excellent in acid resistance, 
solvent resist£ince, scratch resistance, thermal yello>ving resistance, water resistance, and 
weatherabilits' . As described above, the coating materials of the present invention 
(thermosetting coating compositions) obtained in Examples 10 to 17 have both excellent 
properties of I he coating material and properties of the coating film. 

To tlie contrary, as shown in Tables S and 6, the coating materials (thermosetting 
coating comFOsitions), which do not meet the conditions defined in die present invention, 
obtained in Comparative Examples 2 to 8 do not simultaneously meet all properties 
evaluated. 

Morsj specifically, the coatmg material of Comparative Example 2 prepared by 
using a polynrer solution (E-1) having a residual unreacted monomer content of more than 
1% by mass, an epoxy equivalent weight of more than 500 g/eq and a hydroxy! group 
equivalent weight of more than 2500 g/eq in place of the polymer solution (A) shows poor 
appearance due to surface bursting and is insufBcient in curability at low temperature, and 
also the resul ting coating film is insuflBcient in crosslinking density, toughness, hardness, 
acid resistance, solvent resistance, scratch resistance, water resistance, and weatfa^bility . 

The (x>ating material of Comparative Example 3 prepared by usmg a polymer 
solution (E-2) having a polymerization initiator content of more than 8% by mass, a mass 
average molei:ular weight of less than 2000 and an epoxy equivalent weight of less than 
250 g/eq in pllace of the polymer solution (A) is insufiScirat in curability at low 
temperature and storage stability, and also the resulting coating film is insufficient in 
toughness, acid resistance, solvent resistance, scratch resistance, thermal yellowing 
resistance, wsiter resistance, and weatherability . 

The (;oadng material of Comparative Example 4 prepared by using a polymer 
solution (E-3) having a glass transition temperature of less than lO^C, a hydroxyl group 
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equivalent w«ight of less than 250 g/eq and a mass average molecular weight of more than 
7000 in place of the polymer solution (A) is insufficient in curability at low temperature 
and storage stability, and is also insufficient in solvent resistance, scratch resistance, 
thermal yellowing resistance, water resistance, and weatherability . 

The coating material of Comparative Example S prepared by using a polymer 
solution (F-1) having a polymerization initiator content of more than 8% by mass, a mass 
average moIec:ular weight of less than 2000 and an acid equivalent weight of less than 250 
g/eq in place of the polymer solution (B) is insufficient in curability at low temperature and 
storage stabiHty, and also the resulting coating film is insufficient in toughness, acid 
resistance, solvent resistance, scratch resistance, themial yellowing resistance, water 
resistance, and weatherability . 

The coating material of Comparative Example 6 prepared by using a polymer 
solution (F-2) having an acid equivalent weight of more than 500 g/eq and a mass average 
molecular weight of more than 7000 in place of the polymer solution (B) is insufficient in 
storage stabili ty and curability at low temperature, and also the resulting coating film is 
insufficient in hardness, solvent resistance, scratch resistance, water resistance, and 
weatherabilit]/ . 

The c oating material of Comparative Example 7 prepared by using a polymer 
solution (F*3) having a residual unreacted monomer content of more than 1% by mass and 
a glass transition temperature of higher than 70°C in place of the polymer solution (B) 
shows poor appearance due to surface bursting, and also the resulting coating film is 
insufficient in toughness. 

The t: oatmg material of Comparative Example 8 prepared by using a polymer 
solution (F-4) having a residual imreacted monomer content of more than 1 % by mass and 
a glass transition temperature of lower than 20^C in place of the polymer solution (B) 
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shows poor appearance due to surface bursting and insuflBcient in curability at low 
temperature, ^ind also the resulting coating film is insufficient in hardness, scratch 
resistance, water resistance, and weatherability . 
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In Tables 4 to 6, the amounts of polymer solutions and auxiliary curing agents are 
expressed by "parts by mass'\ Data of storage stability show an increase in second. 

Industrial Applicability 

According to the present invention, a low-moleciilar weight vinyl-based polymer 
with less imreacted monomer content can be efficiently prepared only by polymerization 
without being separately provided with an equipment for removing the unreacted monomer. 
The vinyl-based polymer thus obtained is best suited for use as coating materials, inks, 
v^es, adhesi ves, adhesives, resin additives, binder resins for toner, and surface treating 
agents because surface bursting and foaming on the surfiace of the coating film caused by 
the unreacted monomer are suppressed. 

Acc€»rding to the present invention, it is made possible to provide a thermosetting 
coating compc^sition capable of meeting the high solid-requirement, which is excellent in 
curability at k w temperature and storage stability and causes less surface bursting during 
the formation of a coating film and is also capable of forming a coating film which is 
excellent in bsrdness, toughness, crosslinking density, acid resistance, thermal yellowing 
resistance, weatherability, water resistance, solvent resistance, and scratch resistance, and 
also which is liuited for use as a coating material for top coating of automobiles, and to 
provide a coating material comprising the composition. 



